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NOVEL GUJCANASBS 
Field convention 

The present invention relates to novel (B~)g1uc8»ases (mi m also to celiulases) from the 
fungus Taiaromyces-, in particular 7'aiaromyms emersonii, and theix* use m degrading gluean m 
cellulose. 



Background of the iavention 

Ills composition of a piaat cell wall-is complex and variable. Polysaccharides ate mainly 
fourid in the f&im of long chains of cellulose (the main structural component oftheplant ceil 
wall), henneellulose (comprising various B-xylan chains, such as xyloglueam) and peedii 

Bela-glunait (or, more properly, (1^3|(X^4^D-gIncaa} 5 MW 10 'to 14 kDa, is a component 
of plant heniieelfulose (MW of about 700 fcDa) and consists of a backbone of B- 1,4 and 1,3 - 
li.aked:gincopjT.'£tttose residues. .Another compon^t is xylm which consists of fi^l } 4-lipkod 
xylose residues, optionally su'bstituie'd with side chains sucn as arabiaose aad/or glucuronic acid 
residues. 

Basic diffenees exist between monocotyledons (e.g. cereals and grasses) and dicotyledons 
(e.g. clover, rapeseed and soybean) and between the seed and vegetative parte of the plant 
Monocotyledons a*e characterized by the presence of an arabinoxylan complex as die major 
hemicelMose backbone, and the xaam structure of hemieeltolose is dicotyledons is a xyloglncan 
complex. Higher pectin concentrations are fono4 in dicotyledons than in monocotyledons, Seeds 
are generally high in peetie substances font relatively low in ceiMosie material. 

Cell ulose degrading enzymes are used for the processing of plaut material In ibod as well as 
feed applications or as a food or feed additive due to of their capability to act on nnrio plant cell 
wall substituenis. 

Most of the cellulose degrading enzymes available to the mdustry appear to he glucsosses 
with a relatively low molecular weight and a moderate stability at higher ieroperatures. 
However, for certain applications it is deslrabio to use: a giucanase with, a relatively high 



fcennostahllity, if a glncanase. Is to be used m M anirraal feed addifive men a high thraaostability 
is preferred because of fee high tsihp^hste «?!acllti<>BS applied during pelleting fee animal feed. 

Sammacy of Htg inyenhoh 

Movel 8-glueanases (or eeliolasss) are now provided _ which are able to cleave S-D~glnean (or 
cellulose) such as present in plant material. 

At its broadest, the aiveailoP. relates to B^pucanases (or eemuases) 6om Talwomyce$ t such 
^aromyces emerspnii (a&agtts). These B-ghieanases can cleave 8-D~ghtcaa or cellulose, 
Jor example they are M ,4»endogiaeanases ? or have the activity EC 3.2,1 ,4, 

The giucanases may have; 

a an optimum pH below %0 ^c-SA^moh as Mow 5.0, fof -example from 4.4 to 5.2 or 
from 3,0 to 6.0 or 7.0; or 

h a temperature optimum of at least 72*11, 75°C or even 8 1*6, stseh m from 7S*G to 8 5*G 
or from 13*0 to §7°C. 

More specifically, fee present Invention provides -m (isolated) 8-glucsaase polypeptide 
comprising: 

(I) the mtkm acid sepcnoe ofSEQID No^/l of 6;or 
(it) a variant of (i) which is capable of cleaving S-D-g!ucan; or 
(HI) a fragment of (1) or (i!) which is capable of cleaving 8-D~giuean. 
According to another aspect of fee Invention feerc Is provided a polyrracleohde which 
compiles: 

(a) the nucleic acid sequence of SEQ IB Ho< 1, 3 or 5, or a sequence encoding a 
polypeptide of fee Invention; 

(b) a sequence which is complerBeataty to, or woich hybridises to, any sequence as 
defined in (a); 

(c) a fragment of any sequence in (a) or (b); 

(d) a sequence having at least 60% identity to any sequence as defined t& (a), (b) or (o); or 

(e) a' sequence that Is degenerate as a result of the genetic Code to any of the sequences as 
defined m (a) to (d). 

The invention also provides? 

an (eg. expression) vector wMeh comprises a polyratdeoMe of the Invention and 
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which may be capable of exposing &pti$$£0jtk of the invention; 

a cell Ike or ^sin comprising a vaster of the in^ho^; 

a method of producing a polypeptide of the invention which method comprises 

maiutaining a cell line or strain of the .mv^odfos Under conditions suitable for 

obtaining Qxjxm^m.oi^.polfp^^--m^ if necessary, isolating the 

polypeptide; 

a method of degrading fi-D-ghjcan, the method comprising contacting a material 
comprising B-D-ghtean with a poly peptide of the inception; 
a method for identification of a compoopd that modulates £~giucanase activity, 
which method comprises opptacthig a polypept ide of the invention with a test 
compound in the presence of B-D-glucaa and monitoring for or detecting any 
modulation of actiyiiyj 

a method of treating a subject having hy perlipemia which method comprises ■ 
administering to the subject a& effective amount of the polypeptide Of the 
mv'entioo.; and 

~ ose of the polypeptide in the manufacture of a medicament for the Irsatment or ; 
prophylaxis of hyperlipemia, 

Brief Desaiption of the Ssque&ses 

SEQ ID Ho, I is a DMA sequence of a fest S~glucanuse (CBA) of the invention from 
Takiromyces &)mriomi; 

SEQ 10 He. 2 is fee amino acid sequence of the first i5-ghtcanase, CEA; 
SEQ ID No , 3 is a DN A sequence of a second fi-giacaaase (CEB) 'fern the s ame organism.; 
SEQ ID Ho. 4 is the amino acidseqneu.ee of the second 6~g!ucanase s CEB; 
SEQ ID No, 5 Is a DMA seqoeooe of a thixd B-glocauase (CBC) also from the same organism; 
SEQ ID No. 6 is the amino acid sequence of the lMrd 8-giuoanase s CBC; and 
SEQ ID Nos. 7 and 8 met V^^pnxms^th0d^t^M SIQ-XD No. I (and were used to redone 
cDNA inserts during genetic analysis of posh^ 

Defeiied B eseiiptioii of the indention 
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A. Polynucleotides, 

The present myeniion provides a {e,g, %fe^;?^0rpi^^);poiynupi!eotM8 encoding 
polypeptides of the uwentlon. Tk&p&ms£ m^^mM^ psm}^.z-fpiytmh<sMQ encoding a 
B-glucanase whose amino acid sequence Is set out in SEQ ID No. 2„ 4 or & The present 
invention further provides apalynucle^ide encoding a polypeptide having sufastanbai amino 
acid sequence homology to the amino acid se<penee set out hi SEQ ID No. 2, 4 or 6. Also 
included is a polj^uoleotide selected from:-. 

(a) a polynndeotide comprising the nueleobde sequence set out .in SEQ ID No. 1 > 3 or 5 , 

or the complement thereof 
(h) a poly nucleotide comprising a .nucleotide sequence capable of (s.gv seiecdvely) 
hybridising to a nucleotide sequence set out Id SEQ ID No, 1 , 3 ot 5, or a fragsaent 
thereof; 

(o) a polynucleotide comprising a nucleotide sequence capable of (a>g, selectively) 

hybridising to the complement of the nucleotide sequence set out in SEQ ID Mo . 1., 3 
or S.f or a fragment thereof and/or 

(d) a polynucleotide comprising a polynucleotide sequence that Is degenerate M a resultof 
the genetic code to a polynucleotide defined in (a), (b) or (c). 

A polynueieodde of the invention also Includes a polynucleotide which: 

(a.) encodes a polypeptide having B--gfucanase activity, which polynucleotide is: 

(1) the coding sequence of SEQ ID Ho. 1, 3 or 5; 

(2) a sequence which hybridises selectively to the complement of sequence defined in 



(3) a sequence that Is degenerate as a result of the genetic- code with respect to a 
sequence defined in (1) or (2); or 
.(h) is a sequence complementary m a polynucleotide defined In (a). 



The term ft c»paMe-of!i^«^^[*^J3*6^-!feaJ-|^ : ts^t polynucleotide of the Invention can 
hybridize to the nucleic acid used as a probe (&r example fee nucleotide sequence set out in 
SEQ, ID- No, 1, 3 or 5, or a fiagment thereof or die complement thereof) at a level significantly 
above background. The mvention also includes nucleotide sequences thai encode for B-glucanase 



(1); or 
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or variants thereof a§ well as nud«?Q!t|ifc- : s«^[**8Ws- vMch are- e##*piemeatsjy thereto. The 
nucleotide sequence may be SNA or IMA ^•ti^: ; ^tto.:|^j^o'f^M^s^fl&etic DNA or 
cDNA. Preferably the nucleotide sequence is a SNA se^w^e most preferably, a eDNA 
sequence. Typically a polynucleotide 0.l^^mm^m:;ma^mess a contiguous sequence of 
nucleotides which is capable of hybridi;drig under selective conditions to the coding sequence or 
the complement of the codi.ag sequence of SEQ ID No. 1 , 3 or 5 : as appropriate. Such 
nucleotides can be synthesized according to methods well known in the art J . 

A polynucleotide of the invention can hybridize to the ceding sequence or the complement 
of the coding sequence of SEQ ID No, 1, 3 or 5 (as appropriate) at a level significantly above 
backgrounds Background hybridisation may occur, for example, because of other cDNAs 
present hi a cDNA library. The signal level (eg. generated by the interaction hetweea a 
polyn ucleotide of the in vention and the coding sequaaoe or complement of the coding sequence 
of SEQ IB Mo. 1,3 or '5) is typically at least 10 fold, preferably at bast 1.00 ibid, as intense as 
kiemetkms between other polynucleotides and the coding sequence of SEQ ID K:o. 1, 3 or |. • 
th^ : yim^^t^(m^m-mi^ be nreasuredj for example, h)rradioLabelMng the probe, e,g. with 
'^P,- Ssi^ve.hybrldi^atioa may typically foe achieved .using conditions of low snlagenoy (0,3M 
mMxsm chloride and. 0,03 M sodium citrate at about 40*0), medium stringency (for example, 
0 JM sodium chloride and 8>03M sodium dtmte at about 50*C) or high stringency (for example, 
0|3Mi sodiurn cMorlde and 0,03M sodium citrate at about 60*0), Myhridkahon may be earned 
oitt under any suitable conditions known in the art 1 arid, as a guide, low stringency can be 
2x SSG at 55 a C, medium stringency can be 0.5 to 1 .0 x SSC at 60*0 and high stringency can be 
0. ! or 0.2 x SSC at b0*C or higher (e.g. at 6$ a C\ ail at 0.5% SDS. 

Modifications 

Polynucleotides of the invention may connsrise SNA or RMA. They may be single or 
double stranded. They may aisQ-^.po^pS^^ljies.'v^udt include within them one or more 
synthetic or modffied nneleohdm. A number to 
polynucleotides are known In the art. These include tnetbylphospfronafc and phosphorothloate 
backbones and/or addition of aeridine or polyene ehams at the 3 1 aod/or 5 s ends of fee 
molecule. For the purposes o^i^e^M^ioiii iim to he understood that me 
polynucleotides described:tem my;'be ssodM by any method available in the art. 
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It is to be understood that skilled persons may, nsaag routine teekmipssL make nucleotide 
substitutions thai do not affect the po!ype;ptide sequence eseoded by the polynucleotides of the 
invention to reflect fee codoa nsap of suy pafficate liost organfem, for example la which the 
polypeptides of the invention are to fee expressed. 

The coding sequence of SEQ ID No. \ f 3 or S ni&v be modified bv nucleotide substitutions, 
for example from or up to 1, 2 or 3 to 10, 25, 50 or 180 substitutions. The polynucleotide may 
alternatively or additionally be modified by one or more insertions and/or deletions and/or by an 
extension at either or both ends. The modified polvtvucieodde generally encodes a polypeptide 
which, 'has B^gtoonnass activity. Degenerate substitutions may be made and/or substitutions may 
be made which would result in a conservative amino acid substitution when Che modified 
sequence is translated, for example as discussed with reference to r^iypeptides later, 

l&fmiogum 

A wM&qM® sequence which Is capable of selectively hybridizing to (e*g, the complement 
of) the DMA coding sequence of SEQ ID Mb; 1.3 or 5 may have at least 50% or d0% ? at least 
70^: : atl^|0^ :: ^; : :le8Sl'90% > at least 95% s at least 98% or at least 99% sequence identity (at 
hbmology) to the coding sequence of SEQ ID No. I, 3 or 5, This may be over a region of at least 
W, preferably at least 30, for kstaee at least 40, at least 60, more preferably at least 100 
eog%U(>«s mimM^.^'fipte%d^r-|fee:M length of SEQ ID No, ! s 3 or 5, for SBQ ID 
Ho, 1;, the sequence identity is preferably at least 75% or 80%, for SEQ ID No, 3 preferably at 
least 85%, and for SEQ ID No, 5 preferably at least 85%. 

Any combination of the above memioced degrees of homology and minimuvn sized may be 
Used to define polynucleotides of the invention, with the more stringent combinations (he, higher 
homology over longer lengths) being preferred, Tims for example a polynucleotide which is at 
least 80% or 90% homologous over 2S 5 preferahiy over 30 nucleotides forms one aspect of the 
invention, as does a polynucleotide which is at least 90% homologous over 40 nucleotides. 

Homoiogues of polynucleotide (or protein) sequences typically have at least 70% homology, 
preferably at least 80, 90%, 95%, 97% or 99% homology, for example o ver a region of at least 
15, 20, 30, 100 more contiguous rMileotic&ss (or amino acids). The homology may calculated- ofc 
the basis of amino acMidea^.(s^x*^m^-^at^'fe : ^' "hard homology"). 

f or example the UWGCG Package provides the SBSTFIX program winch can be used to 
calculate homology (i >r example used on its defhurt sehmgs*). The PILEUP and BLAST 
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algorithms cm.be used to od^ikmhrniom^ mim^ np sequences (saeh as identifying 
equivalent or corresponding sequences^ for eompte ^^^iijfetofts^tmgs^). 

Software lor f^oxpfeg BLAST analyses is publicly av^iabis tferough the National Center 
lor Biotedbnoiogy Information (^iih»^MMMm,mk-W^^ : TMs algorithm involves first 
identifying high scoring sequence pair (HSFs) identifying short words of length W in the 
query sequen.es that either .match m-^^^ : --^^ < p0^^v^ed threshold score T when aligned 
with a word of the same length la & database sequence. T is referred to as the neighbourhood 
' word score threshold"''. These initial neighbourhood word hits act as seeds for initiating- searches 
to find MSPs contahung them. The word hits ate extended in hoth directions along each 
sequence tor as far as the cunmlMive alignment score can be increased. Extensions for the word 
hits in each direction are halted when: the cumulative alignment score Mis off by the quantity X- 
from its maximum achieved value; the cumulative score goes to zero or below, due to the 
acc^^toii^fwe^imb^ negative-scoring residua alignments; or the end of either sequence 
is reached. The BLAST algorithm parameters W, T and X. detemune the sensitivity and speed of 
the -alignment. The BLAST pmgram uses as defaults a word length (W) of 11, me 
scoring matrix* alignments (B) of 50, expectation p) of 10, M*§, N*4, and a compasisoa of both 
stranUs. 

The BLAST algorithm performs a statistical analysis of the similari ty between two 
sequences* One measure of similarity provided by the BLAST algorithm is the smallest sum 
probability lT0^))> which provides an indication of the probability by which a match between 
two nucleotide or amino acid sequences would occur by chance. For •example, a sequence is 
considered similar to another sequence if the smallest sum probability in comparison of the 'first 
sequence to the second seqoen.ee Is less than about J* preferably less than about 0.1 . more 
preferably less than about 0.01, and most preferably less than about 0.001. . 

Primers mi Probes 

Polynucleotides of the invention include and may be used ss a primer, e v g> a PCS, primer, a 
primer for aa alternative ampi^^ba-resksfi^.apoh^ or the polynucleotides may he cloned 
into vectors. Such primers, probes and other fragments will be at least or up to 20, for example 
al least 25, 30 or 40 nuclsoudes in length. They will iypieaiiy he up to 40, 50, 10, 70, 1 00, 1 50, 
200 or 300 micfenhdes in length as 5 or 10 nucleotides) 
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short of the coding sequence of SEQ ID Mo, 1, 3 or 5V 

In general, primers will ho produced by spSefie : ,«^^,M^ii?irig a step-wise numufaeture 
of the desired nucleic acid sequence: one nueieotj.de at a fens. Teshmhmes for accomplishing this 
using automated techniques are readily available in the art. .Examples of primers of the invention 
are set out in SEQ ID Nos 7 and g. 

Longer polynucleotides will gaoemlfy be p^da»ed osmg recombinant mesas, for example 
using PGR (polymerase chain reaction) cloning techniques. This will involve making a pair of 
primers (e.g. of about 15-30 nucleotides) to a region of the £~gmcannse which it is desired to 
clone, bringing the primers into contact with mRNA or cDNA obtained team, a target (e.g yeast, 
bacterial, plant, prokaryotie or fengal) cell, preferably of an Tatarvmyces strain, performing a 
polymerase chain reaction under conditions which bring about amplification of the desired 
region, jsofatmg'the amplified fragment (e.g. by purifying the reaction mixture on an agarose gel) 
sad recovering the amplified DNA, The primers may be designed to contain suitable .restrkdon 
enzyme recognition sites so that the ampMsd DMA can be cloned Into a suitable cloning vector, 

Such techniques may he used to obtain all or part of the S-glucauase sequence described 
herein. Genomic clones corresponding to the cDNA of SEQ ID No, 1, 3 or 5 or the 8-glucanase 
gene oontaining, for example, iotrons and promoter regions are within the iweniion also and 
may also he obtained in an analogous manner (e.g. recombinant means, PGR, cloning 
teckuques), stast|ng with genomic DNA from a feng&L yeast bacterial plant or prokatyotio cell. 

The polynucleotides or primers may carry s revealing label , e.g. a radioactive or 
non-radioactive label. Suitable labels include radioisotopes snob as 55 P or 3i S, enzyme labels, or 
Other protein labels such as biotin. Snob labels may be added to polynucleotides or primers of 
the Invention and may be detected using techniques known pgr $g, 

Polynucleotides, labelled or unlafaeiled may be used in nucleic acid-based tests for detecting 
or sequencing 8-glucanase or a variant thereof in a (e.g. fungal) sample. Such tests for detecting 
generally comprise bringing a (e.g. mngal) sample (suspected of) containing DNA into contact 
with a probe or primer of teinvmaoa-ia^''%idcK2&^ conditions and detecting any duplex 
formed between the probe and nucleic aeM in the sample. Such detection may be achieved using 
techniques such as P€& or by immobilizing the probe on a solid support removing nucleic acid 
in the sample which Is noib^^ detecting nucleic acid which was 

hybridized to the probe. Alternatively, the sample micieic acid rnay be immohihssed on a solid 
support, and the amotmtc€ probe hound to such a support can be detected. 



The- probes &f : ^Amm^oxi.m^--^cmi^ssMy he packaged m the form of a test kit In a 
suitable container, is-sodi kits '^.^Ml^^^V^ict-'imW support where the assay format 
lor which the kit is designed requires such binding. The kit may --also contain suitable reagents 
&r treating the sample to be probed, hyhtidmng the pofe to sueleic acid in the sample,, control 
reagents, instraotioos, and the like. 

Preferably, the pelymadeotide of the invention is obtainable from the same organism as the 
polypeptide, such, as a fuagus, m particular a. Saigas of the geuus 'Taiaromycm. 

Trie polynuc leotides of the invention also inchaie variants of the sequence of SEQ ID No. 1, 
3 or 5 which hate S-glueanase activity. Variants may be fomied by additions, substitutions 
snd/or deletions and may have the ability to cleave a B-D -gluean polymer. 

Production ofpolymtekotitfes 

Polynucleotides which do not have 1.00% Identity with SEQ ID No, 1,3 m 5 but fall : 'S#ifhm 
the scope of fee Invention can be obtained in a number of ways. Thus variants of the B~glneanase 
sequence described herein may be obtained for example by probing genomic PNA libraries 
made from & range of osgaaissris, for example those discussed as sources of the polypepddes of 
the invention, in addition, other fungal, plant or prokaryotie hoinologues ox S-glUeaiiase may fee 
obtained and such homologues md fragments thereof In general, will be capable of hybridising to 
SEQ ID No, 1 , 3 or 5. Such sequences may be obtained by probing c0NA libraries or genomic 
tM& libraries from other species, and probing snob libraries with probes comprising all or part 
of SEQ ID, 1, 3 or 5 under conditions of mediotn to high stringency (as described earlier), 
Nodeie acid probes comprising ail or port of SEQ ID No, 1 , 3 or 5 may be used to probe cDNA 
libraries from other species, such as those described as sources fin- the polypeptides of the 
mventioa. 

Species homologues may also be obtained rising degenerate PGR which will nse prhners 
designed to target sequences within the variants and homoiegoes encoding conserved amino acid 
sequences. The primers can contain one or more degenerate positions and will be used at 
stringency conditions lower feas mose Used fer cloning sequences with single sequence primers 
against known sequences; 

Alternatively, suctipolynneleoh^-may fee obtained by site directed mutagenesis of the 
S-gfuoanase sequences or variants thereof. This may be usefel where for example silent eodon 
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ckffiges are requir ed to sequences to optimise mmm preferences fef a particular host sell in 
which the pol}amoieolide sequences are being «spesssd, Other scqnen ce changes may be 
desired in order to introduce yestdct^ ,! «s^.n^-i»£^gt»Sda-slte 5 at to alter the property or 
function of the polypeptides encoded by the pdiyBueleoil<&e& 

The -invention Includes d^Mf ^^ : ^!^£^l^#^: : eoiapri&i»g a polynucleotide of the 
irrvention and its complement 

The present invention also provides po!yn«cl«diidie« encoding die polypeptides of the 
invention described below. Since such polynucleotides will be useful as sequences for 
recombinant production of polypeptides of the inyeatlo», it is act necessary for them to be 
capable of hybridising to the sequence ofSEQ ID No. 1 f 3 or 5, although Mm will generally be 
desirable. Otherwise, such poiyaacleotides may be labelled, used, and made as described above 
if desired. 

B. j jPpi^jpgptides , 

'the present invention relates to (e.g. (suhstardiady) purified sad/or isolated) B-glueaoases 
{or eeilnlases): and variants thereof. The polypeptides of the invention may consist essentially of 
the amino acid sequence of SEQ ID No, 2, 4 or 6 or of a variant of that sequence. Polypeptide^ 
may also be: encoded by a polvmseieodde of the Invention as described above, 

A polypeptide of the invention may be in an isolated or a substantially purified form. It will 
be 'Understood that the polypeptide may be mixed with carriers or diluents which vol! not 
interfere with the intended .purpose and/pf fadcSon of the polypeptide and still he regarded as 
substantially isolated. It will generally comprise the polypeptide in a preparation in which more 
than 20%, e.g. more than 30%, 40%, 50%, 80%, 90%, 95% or 99%, by weight of the polypeptide 
in the preparation is a polypeptide of the invention. Routine methods can be ernployed to purify 
and/or synthesis© die proteins according to the Invention*. For some fennolaiions (e.g. for 
non^harrnaee atical uses) the arnoopi: of polypeptide present may he small, for example horn 
0,01 io 1 0% 3 such as from 0, 1 to 5%, or 2% or even fcom &2 to 1%. 

Preferably, the rxdypeplide Of the mvestion is obtainable irons a microorganism which 
possesses a gene encoding an ensyme with B-gineana^e for ceil nlase) activity , More preferably 
the microorganism Is ftmgah and optimally a fikmentons ihngi, Preferred organisms are thus of 
the genes I'alaromye&s, such as of the speci es laiartmiyces emsmomi. 
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Activity 

A polypeptide of the inwutios *Jw««fflierfig following features, namely It 
(!) possesses B~gl«eaoasc 

(2) has an optimum pH range of from 3 to 6.5 or 7.0, such as from 4 to 5.5 or 6.0, 
optimally from 4.5 to 5,0; 

(3) has optimum activity at a tempemiare of tfoai '30T- to 1 00°C, such as 60 to 9S*C ? 
optimally from 75*0 or 80°C to 90°C. Preferably the optimum tenifrerature is at least 
75 a C, such as at least SS^C; 

(4) has a molecular weight (deglyeosylated) of from 20 to 60 kDa, preferably from 20 to 
25, .35 to 45 or 23 to 50 k2X optimally from 36- to 40 kDa or (glycosylated) or from 40 
to45idpa; 

(5) has an. isoelectric point offcom 3.0 fo 3.6 or 5.0, 3 M to 4 3, 43 to 3.0 or from 6.0 to 
7,0; axid/ot 

(6) possesses by drolytie activity on cereal S-ghieaa or exhibits hydroiyffe activity below 
FH7. 

tlte polypeptide caa bays fee activity of EC.3.2J .4 (or cadogfecaaase activ%). In general 
■Ms can be endonydroiysls of 1 f 4~S~D~grasosidis linkages io cellulose, "B-glueansse activity" is 
the ability to cleave cellulose or a B-gkcan polymer (for example m fatmi in plants e.g. oat or 
barley). The activity thus allows cleavage between adjacent glucopy ranose terminal ami/or boxv 
terminal mis. Preferably the eleavsge ocoars at a [glucose (1-4), (1-3) or (1-0) glucose] linkage. 
The polypeptide may preferentially cleave ia between two adjaeeat (e.g. non-substituted 
glucose) units. It caa thus have eado activity (be. Be. an eadoglueanase). The substrate polymer 
may or may sot be -.substituted. Preferably the polypeptide Will not have xykaase activity. 

The polypeptide may also have me cellnlase antwlty, that is to say It is active oc, or can 
cleave, cellulose. As fi-ghican is a component of cellitiose,, all glueaoases fall within the broader 
term of eelloiases. The polypeptides of mepresent feveution are therefbre eelhilases because 
they bsloog m the sub-class of giueaoases, Q&or types of classes of activity within eeilolasea. 
apart from cndoglucanase (EC 3 2d ,4* m -;pei^aae<I #^V8>:^exo~glucaBas^cellqbiobydroiase 
(EC 3.2.1.91), 8~glocosidase (EC; 3 ,2. 1:2 1 )^ endo~l ,6-gMcaaase (EC 3.2.1.75), exo-l,3-gmcaaasc 
(EC 3.2, 1.58), ruaoiuuiase (EC 3.2.1.78) ar^ exido-glycoeoramidase (EC 3.2.1,123),. Some of 
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tM polypeptides are thought to. have o&e,, tw» or more of these additional aetivides based on their 
stmcmre and seqaeoce;, by comparison with &«a casernes and ths &miy of hydrolases into , 
which they MI Thus, in, the speeileamm, where the context is appropriate, glucanase acti vity 
osxi mean ceUulase astbrity, A list of (Cdiulase) activities for the polypeptides is provided M 
Example 1 1 later. 

Preferably the polypeptide fails into ope of the families 5 ? 7 or 45 } according to the 
glycoside -hydrolase (CAZ-y) classMcation, llie ptdypeptide tmy be a glo/glu or asp/asp 
mseleophiie/proton donor. 

Variants and Hmnologms 

A polypeptide of the invention can comprise the amino acid sequence set out la SEQ IB Ho, 
2, 4 or 6 or a substandard/ homologous sequence, or a fagmmt of either sequence and can have 
B-giueanase aotivby. In general, the aatamtty occurring amino add sequence shown in SEQID 
No. 2, 4 or 6 is preferred. 

la particular, the polypeptide of the uweution may comprise: 

a, the polypeptide sequence of SEQ ID No. 2. 4 or 6; 

.b, a naturally occurring variant or species homologue thereof; or 

c. a protein with at least 70, at least 80, at least §0, at bast 95, at least 98 or at least 99% 
sequence identity to (a) or (b>, 

A vari ant may be one that occurs naturally, for example ia foogai, bacteria, yeast or plant 
cells aad which can function fa A substantially similar maaaef to the protein of SEQ ID No. 2, 4 
or 6,- for example it has 8-glucaaase activity. Similarly a species homologue of the protein will 
be the 'equivalent protein which occurs naturally in another species aad which can function, as m 
B-gincaoase enzyme. Variants iaciade aSelie vapaitts either from the same strain as the 
polypeptide of the invention or from a different strahr, but of the same genus, or of the same 
species. 

Variants and speeies homoiogueg can he ohtahied % following the procedures described 
herein for the production of the polypeptide of SEQ IP No, 2,4 or 6 aad performing such 
procedures on a suitable cell source, for example a bacterial yeast fungal or plant cell. It will 
also be possible to use a probe as defined above to probe libraries made from yeast, .bacterial, 
fungal or plant cells la order to ^^. : <^cm^''.i^iu<^n| : the variants or species homology. The 
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clones can be manipulated by ooOTmfiopai iecteiqyes to generate a polypep tide of the invention 
which can then be produced by x©<^la«^'^'$p^So : t©s|jm^^ taovmper se- 

The polypeptide of the |»'v^&%.|^|^ly:^,g:J^^0%;^mjce identity to the protein 
of SEQ ID No,. 2, 4 or 6 } more pmfemhly at feast 80%, at least 90%, at least 95%, at east 97% or 
at least 99% sequence identity thereto, for ejcampfe over a region of at least 60, at least 1 00, 1 50, 
200 or 300 contiguous ammo acids or Over the full length ofSEQ ID No. 2, 4 or 6, For SEQ ID ' 
No, 2, the sequence identity is preferably at least 20%, for SEQ ID No, 4 at least 60%, and for 
SEQ ID No. .6 at feast 65%. ,.■ > f; 

The sequence of the p olypeptide of SEQ ID No. 2, 4 or 6 and of variants and species 
homolcgues can thus be modiSed to provide polypeptides of the invention, Amino acid 
substitutions may be made, for example from ornp to.l, 2 or 3 to 10, 20, 30, 50 or 100 
substitutions* The same number ©f delations and insertions may also fee made. These changes 
may be made outside regions critical to the funption of the polypeptide and so may still result in 
an sedve en?;yme. The modified polypeptide generally retains activity as a B-gluoasase. 

Tdiypepfides Of the invention include Segments of the above mentioned fall length 
polypeptides and of variants thereof including tragmeuis ©if the sequence set ont in iSBQ ID Ho. : 
2, 4 or 6, Such .fragments typically retain activity as a B-giucanase. Fragments ssay-feo at least 
50, 100, I SO, 200 or 250 amino acids long or may be this number of amino acids short of the fell 
length sequence k SBQ H> No. 2*4 i$1$< 

f plypephdos of the invention can if necessary be produced by synthetic means although 
usually they will be made mcombkaatiy as described below. They may be modified for 
example by the addition of histidme residues or a T7 tag to assist their identification or 
purification or by the addition of a signal sequence io promote their secretion from a ceil 

The term "variants" refers to polypeptides which have the same essentia! character or basic 
biological Emotionality 'as the n~giucauase (or celndase), and include alleMe variants. Hie 
essential character of %gh»ase is that it la aneusyme that exhibits EC 32,1 .4 activity or that it 
can cleave 1-3, i->4 and/or 1-6 links in 8-D-glaeao, such as cereal or oat spelt (B>gluean.. 
Preferably a variant polypeptide has fiie same activity as the B-glacanase. A polypeptide having 
the same essential character as 6~giuea»ase may be identified by using a cellulose or B-glocan 
degradation assay, for example as described later. 

Variants of SEQ ID Ko.2, 4 or 6 also mtmde sequences which vary from SEQ ID No,2 s 4 or 
6 but which are not necessarily defined from the naturally oecurfing B-giueaoase protein. These 
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variants may he described as hmmg a % homology to S1Q ID No. 2, 4 or 6 or having a number 
of substitutions within this seqaence. Alternatively a variant may be encoded by a j 
polynucleotide wMch hyhrld&es to SBQ ID Ho. % 3; pi 5, 

The variants can be defined in a similar scanner to the variants of SEQ ID No , 1,3 or 5 , 
'Tims the -variants .may comprise wi^tse^^^^^yp^sa. other strains of Taiaromycss. 
Other variants eaa be identified, from other Tidammycm strains by looking &? h-D-glucanase 
activity and dosing and sequencing as before. Variants may include the delerion, modification 
or addition of single amino acids or groups of ammo acids mMsx the protein sequence, as long 
as the peptide maintains the bask biological fimerionality of the .8~glneanass. 

Conservative sdsshtuoons may be made, for example according to the following Table. 
Ammo acids in file same block is the second column and preferably m the same line In the tbM 
cohann may be substituted for each other. Preferably snbsti rations do not affect the folding or 
adiyity : of the polypeptide. 
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Shorter polypeptide sequences are within fee scop© of fee invention. For example, a peptide 
of at least 50 amino acids or up to 60, 70, W, I 00 f 150. or 200 amino adds in length is considered 
to tali within the scope of the invention as long as it demonstrates the basic biological 
moetiondiiy of the S~glueanase. Inpartiedar, but not exclusively, this aspect of the invention 
encompasses the situation when the protein, is a fragment of the complete protein sequence and 
may comprise or represent aB-D-gmeau (or marajose) binding region or a S-D-glucan (or 
cellulose) cleaving region. 

Modifieatkms 

Polypeptides of the iav^t|<^M^b#''^m^ly modified, eg. posMranslabondly 
modified. For example, tliey may be glycosylated (one or more times, by the same or different 
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sugars) or coaiprise modified amino mid residues. They may also be modified by the addition of 
hisiidiae tssMj3.es (to ass^'-;i^f : j>i^c^cm) or by me sdffiion of a signal sequence (to promote 
insertion into the cell membxane). The polypeptide may have one or mom (N) amino- or (C) 
carboxyRermiaal exteasioas, such as an Miim^^cmiml mefeiomtie residue, a small linker 
peptide of up to about 20-25 residues, or a (small) cMension thai facilitates purifisation, such m a 
poly-histidmo or T7 tag, m mixg^m epitope or a {e<g, maltose) bindiag domain** (e,g. at the . 
C-tetmimus). These extensions mssy or may sot be added via a tinker. 

A polypeptide of the invention may be labelled with a revealing label. The revealing labs! 
may he airy suitable label which allows the polypeptide to he detested. Suitable labels hiehade 
radioisotopes, e,g. l2 % } *S, eozymes, antibodies, poiwieieotides and linkers such as biotim 

The polypeptides may he modified to iackde soo-rsaturally occarxlag amino acids or to 
increase the stability of the polypeptide. When the proteins or peptides are produced by 
syutbetie means, sock amino acids may be Introduced during production. The' proteins or 
peptides may also be modified following either synthetic or recombinant production- 

The polypeptides of die invention may also be produced using, or comprise, |bne : or more) 
D-aniino acids. 

A pianber pf sids chain modification are known in the art and may be made fe the side 
ebahia of the proteins ox peptides of the present invention. Sneb modifications include, for 
exarnple, :mc^irlsa%n4 of amino acids by xednerlve aikylation by reaction with m aldehyde 
folio-wed by reduction with NaBH* amidination with metirylacethnidate or asylation with acetic 
anhydride. '■' 

The sequences provided by the present invention may also be used as starting materials for 
the c-oastraetion of "second generation" enzymes. "Second generation" gluoanases are 
glaoaaases, altered by nmtagsoesis techniques (e.g. site-directed mutagenesis), which have 
properties that differ from those of wild-type glueaaases or recombinant giucanases such as those 
produced by the present inveatioa.?s«-^{ampJ^,^e tsxnperafure or pH optimum, specific 
activity, substrate afilmty or d^rmostabillty may be altered so as to be better suited for 
application in a defined process. 

Amino acids essential to me activity of the glueanases of the invention, and therefore 
preferably subject to substitution, may be Menfifled according to procedures known in the art, 
such, as site-directed mutagenesis or alanine-scanmng mutagenesis^', in the latter tecbrdqne 
mutations ate introduced at every residue In the molecuie, and the resottant mutant molecules are 



tested for biological activity (e,g. glucaiass activity) to identify amino acid .-residues that are 
critical to the activity oMfe ^^-^^^iBB^^m^k^^mi also be 
defemrined by analysis of crystal stmetum as 4mrnmmdl^ sm&i&sM^<^m as nuclear ■magnetic 
resonance, erysMIograpliy orphoio-sdlhtity labelling 5 WJ or molecular modelling. 

The use of yeast and fungal ho^,^!s-ii$-.e35|fe?^-%>-.^Vi«ite for such post-translationsi 
modifications (e.g, proteolytic processing, rd^stiiatios, glyepsylatiorL truncation, -and tyrosine, 
serine or threonine -phosphorylation} as may he needed to comer optimal biological activity on 
reco.snbi.naot expression products of the mveadon. 

Polypeptides of the hwentloa may be provided in a .form such that they m outside -their 
natural, cellular eavhoaaieat Thus, they may be substantially isolated or purified, as discussed 
abo ve, or in a cell in widen they do not occur in aature v s.g. a esll of other fengal species, 
sriimais, yeast or bacteria. 

jLecomblaaat Aspect. 

The invention also provides vectors comprising a polynucleotide of the Invention, laciudmg 
cloning sod expression vectors, and methods of growing, transforming or transfeeting snob 
vectors in a suitable host coll. for example under conditions ia which expression of a polypeptide 
of the isveatien, occuts? Provided also are host cells coraprisiag a polynucleotide or vector of 
fee invention wherein the polynucleotide is. 'heterologous to the genome of the host cell The 
term "heterologous", usually with respect to the host cell, means that the polynucleotide does not 
naturally occur In fee genome of die host cell or that the polypeptide Is not naturally produced by 
tha t cell. Preferably* the host cell is a yeast cell, for example a yeast cell of die genus 
Xluyveroniyces or Saccharomyces orafupgal eeil, for example of the igem&-Asp&y$lh(S* 

Polynucleotides of the Invention, can be moderated into a .recombinant replicahle vector, . 
for example a cloning or expression venter. The vector may be used to replicate the nucleic acid 
ia a compatible host eell %ss.:|a-»i^^--^bo^|p»|t > fee inveatioa provides a method of 
making polynucleotides of the kveaiioa by au^efeciag a polynucleoti de of the snvernion into a 
replicahle vector, introducing fee vector into a compatible host cell, and growing the host ceil 
Udder conditions which bring abo ut replication of the vector. The vector may he recovered from 
the host cell. Suitable host cells are described below in connection with expression vectors. 
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Vectors 

The polynucleotide of the mve&tion may Inserted kite M expression cassette. The vector 
into which fee expression cassette or ixapsideotiie of the invention isinserted may be any 
vector which may conveniently be subjected to* racombtoant DMA jaooediass, and the choice of 
fee vector will often depend on the>li^#B& Ma-be iotoxlneed. Thus, the vector 

may be an aotonomonsly replicating vector, he. a vector which exists as an exiaa-ekomosoMal 
entity, the replication of which is kxfependeni of chromosomal replication, e.g. a piasmid. 
Alternatively, the vector may he one which, when hitrodneed into a host cell, Is integrated Into 
die host cell genome ami replicated together with the clmnnosome(s} into which it has been 
integrated. 

Preferably, a polynucleotide of the iavea&m to. a vector is operabiy linked to a regulatory 
Sequence which is capable of providing tor the expression of fee coding sequence by fee host 
cell, he, fee vector is an expression vector. The term ^oper&bly linked** refers to a jiefeapositlen 
herein the components described are in a relationship permitting diem to function in their 
intended manner.. A regulatory sequence snob as a promoter, enhancer or other expression 
regulahon signal "operably bated/ ■ to a coding sequence is positioned In such a way that 
expression of the coding seqnence is achieved under condition compatible with fee control 
sequences. 

The vector may be aplasmld, coamid, vims or phage -vector, usually provided wife an origin 
of replication, ophondiiy a promoter for the esjpjfession of the polynucleotide and optionally an 
enhanc er and/or a regulator of the promoter, A terminator sequence may be present, as: may be a 
polya<knyMon sequence. The vector may contain one or more selectable nwkar genes, for 
example as? ampieillin resistance gene (in the case of a bacteria! plasmid) or a neomycin 
resistance gene (tor a mammalian vector). Vectors may be used m vitro., for example for the 
production of BKA or used to transfect or transform a host cell. They may comprise two or more 
polynucleotides of fee invention for ^y^xjaessktn. 

The DMA sequence ^»a^|^.^,po{y|^ia« is preferably itorodaeed feio a suitable host as 
part of an expression cassette {Or eoostraet) to v^ich fee DHA sequence is operably linked to 
expression signals which are capable of dlreeifeg expression of fee DKA seqnence in the host 
ceils. For transformation Of tM suitable host- with, fee expression construct transformation 
procedures are available which are well known to fee skilled person 3 ' 4 . The expression eonstruci: 
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can be used for rxans&Hnaiion of the host as part rfa :vs^r-ea^tag,a selectable marker, or fee 
expression c-oasSn^ may be m-tm&fmsk&m a separate moleenle toge^er with the vector 
carrying a selectable marker. The vector pay comprise opb or more selectable marker genes. 

Preferred selectable mai&pisP' 5 * include but are not iuuited to those that complement a 
defect in the host cell or coinfe resisi&nee to a drag, They include e.g. versatile marker genes 
that can be used for transformation of most filamentous fungi and yeasts such as aeetanxidase 
genes or cDNAs (the amd$\ rmJ}<, fae4 genes or eHHAs fere A.mduians; A.oiysae, or A.-niger\ 
or genes providing resistance to .antibiotics like G41 S» hygmmycht, bleomycin, kaoamyeim 
phieemyCm or benomyi resistance (benA). Alternatively^ specific selection markers cari be used 
such as auxotrophic markers which require corresponding mutant host strains: e>g,.$8$# : (fksrn 
Scerevisim or analogous genes from other ycmt^) f pyrOmp)md (from AMdulms &x AMgeJ% 
&rg& (if era AnMidxm otAnigef) or #??C. In a preferred embodiment the selection marker is 
deleted fern the transformed host cell after introduction of the expression eosatruct so as tp 
obtain iraasibraied host cells capable of prodncing fee polypeptide which are ■■free: of selection 
marker geries^ , ' S i 

Ofeer marfes include ATP synthetase, suburat 9 (pUQ, orotidine-5* -phosphate* : 
decaTbo^lasei^^A), fee bacterial G418 resistance gene (this may also be nsed in; yeast, but not;: 
in feagi), me ampidlim resistance gene (£. coli), the neomycin resistance gene (BmUhis} and the 
K c&H uidA gene, coding for fi-glucumaidase (GUS). Vectors may be used in mtro f for e&atdp!e 
for the prodnctipri of KH& or used to tramiect or transform a host cell. 

For most filamentous fungi and yeast, fee vector or expression constn?ot is preferably 
integrated in. the genome of the host ceil in order to obtain stable transformaafs. However, for 
certain yeasts also -suitable episoraai vectors are available into which the expression construct Can 
be incorporated for stable and high level expression, examples thereof include vec tors deri ved 
from the 2u and pKD 1 piasmlds of Smcharm?%?ms and Kiuymrotnyces, respectively, or vectors 
containing an AMA sequence (e.g. AMAi iMmJ^ergilkis*-®}, In ease the expression 
constructs are Integrated la the host cells genome, me constructs are either bitegraied at random 
loci hi die genome, or at'predgtjsmisM-^g^loci using homologous recombination^ in which 
case fee target loci preferably comprise a highly expressed gene, A highly expressed gene is a 
gene whose mB^&;<^m^'V$ at l^,^;0I%-.(#^).of %« total cellular aiRNA, eg. under 
induced con<Etioi{$ > .:^.4&^^fc-,aj^ whose gene product can make up at least 0,2% (w/w) 
of die total cellular protein, or, in case of a secreted gene product, can he secre ted to a level of ai 
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least 0,05g/L A number of ^m^hs^^^yM0y:--^psissssd genes are provided below. 

A vector or expression^ the Allowing etemmfe. 

opembly linked to each pfeer fe a eot^utive order -j^om fee to 
3 ! -end relative to the coding strand of the ae^ense er^di^ the polypeptide of the first 
invention: 

(1) a promoter seqamce capable pf4^e#i^-teaii«jdptiaa of the 'DNA sequence encoding 
. the polypeptide m the given host Ml; 

(2) optionally, a signal sequence capable of directing seeretlon of the polypeptide from the 
given host cell mto a culture mediarn; 

(3) a DNA sequence encoding a mature and preferably active form of the polypeptide; and 
preferably also 

(4) a tenscapiioa tenulnation region {terminator) capable of terminating tmrrseripbon 
dowpstream of the DNA sequence encoding the polypeptide, 

BwBStresm of the DNA sequence encoding the polypeptide there may be a 3* untranslated 
region eontairhng one or mare transcription termination Mies (e.g. a terminator}, life orighi of the 
terminator Is less erlical> The tenninator can e.g, be native to the DNA sequence encoding the 
polypeptide, However* preferably a yeast terminator is used in yeast host cells and a filamentous 
fungal terminator is used in filamentous fungal host cells, More preferably , the terminator Is 
endogenous to fee host cell (in which the DNA sequence encoding the polypeptide Is to he 

Enhanced expression of the palym^IeotMe eucodmg the polypeptide of fee invention my 
also he achieved by the selection of heterologous regulatory regions, e.g. promoter, secretion 
leader and/or terminator regions, which may serve to increase expression and. if desired, 
secretion levels of the protein of interest from the expression host and/or to provide tor the 
inducible control of the expression of fee polypeptide of the invention. 

Aside from the promoter native to the gene encoding the polypeptide of the invention, other 
promoters may he used to direct expression of-^pQl^^de-offeekyeato. The promoter 
may be selected for I ts eilciency in directing fee expressiori of the polypeptide of the invention 
la the desired expression host. 

Promoters/enhancers and other expression regniahon signals may he selected to be 
conipaiihle with the host cell for which fee ejeprsssipa vector is designed. For example 
prokaryoiie promoters may be used, in particular those sfetahle dor use m &-co$t strains. When 
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expression is earned out mmaom^ used. Tissues- 

speeiik promoters* for exsrnpie hepa#eyto e&i!~$peoiiIo promote, may also be used. Viral 
promoters may also be \m&:fwmm^ : faM<%my. mxmmtexMmm virus long terminal 
repeat (MML V LTR) 5 promoter reus samoma virus pjV) ETE promoter, SV40 <e.g. large T 
antigen) promoter, human ^px>m^mi^iCMV) IE proiuoter, herpes simples virus promoters 
or adenovirus promoters. HSV proonste such as the BBV IB promoters), or HPV promoters, 
particularly the HPV upstream regolatasy region (URR).. Yeast promoters iacMe S. cerevisfm 
GAL4 and. ADH promoters, iMS. pQMbe wnl I am! adh promote. Mammalian promoters 
include the meiallotMoaem promoter vMch. may be induced m response to heavy metals such as 
cadmium and i$-actin promoters. Tissue-specific promoters, in particular endothelial or neuronal 
cell specific promoters (tor example the BDAHI and DDAHIX promoters), are especially 
preferred, 

A variety of promoters 55 * 5 * can be used that am capable of directing timscriptloa m Aim kmt 
cells of & invention. Preferably the promoter sequence is derived from a highly expressed gene 
as previously defined. Examples of preferred highly expressed genes from which promoters are 
preteraMy derived and/or which are comprised in preferred predetermined target loci for 
integration of expression constructs^ mciude but are not limited to genes encoding glycolytic 
sa^mes such as teiose-phosphaie isomerases (TPX), glyeeraldehyde-phosphate dehydrogeaases 
{®APOpfJ s phosphoglycerate kinases (PCIK). pyruvate kinases (P YIQ, alcohol dehydrogenases 
{ADH5: s as well as genes encoding amylases, gineoamylases, proteases, xyianases,. 
edlobiohydroiases, £~galaotosldasesv alcohol (methanol) oxidases, elongation factors ami 
ribosomal proteins. Specific examples of suitable highly expressed genes Include e.g. the LA.C4 
gene &om .Kh^veromyces sp,, fee methanol oxidase genes (AOXm&MQX) from Bamemfct and 
FiSm, respectively, the giucoamyiase genes from A.nigw mdA.immoH, the A.0rysa& 
TAKA-amylase gene, th&AniMmu gprf/i gene and me T.reesei eellohiohydrolsse genes. 

Example® of strong ^a^t^^^^ii^a^fe promote which are preferrec! for use m 
frugal expression hosts 55,55 are rhose which are obtainable from the fungal genes fbrxylanase 
(xfeA), phytass, Ai^^s^im^^^9i&lk^^l^ phosphate isomerase (ipi), alcohol 
dehydrogenase (AdhA), ^my^^im^)i : )^Xi30m»Ms^ (AG - from the gkA gene), 
acetanhdase (amdS) and giyeerMdehyde-3-phosphate dehydrogenase .(gpd) promoters. 

Examples of sttoug y«^t-j^mdte:,^tt^'Obfejsabie from the genes for alcohol 
dehydrogenase, lactase. S^osphoglycorate M^^ : -^M^se^hs^h^s isomerase, 
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Examples ofstmng bacterial promoters are the «~amy?ase and SPoJ promote as well as 
promoters fiam estraeell olar protease genes. 

Promoters suitable &r plant cells mcMs sapdme gyiitiiase (nos), oetopae synthase (ocs), 
mmmopme synthase. (mas), nh*&e^-&$0- ^aia|-;(i»B|s0d : sm), 'Mstoae, rice aetm, phaseojin, 
cauliflower mosaic virus (CMV) 3SS and 19$ and eheevirus promoters. All these promoters are 
readily available In the art. 

The vector may further kctadfe sequences flanking me polynucleotide gmng rise to RNA 
which comprise sequences homologous to eul^ryotie genomic sequences, preferably mammalian 
genomic sequences, or viral genomic sequences. This will allow the iatrodrrction of the 
polynucleotides of fee invention into due genome of eukatyotie cells or viruses by homologous 
reeonvbinadon. In particular, a plasmid vector comprising fee expression, cassette flanked by 
viral sequences can be used, to prepare a viral vector suitable for delivering the polynucleotides 
of fee Invention to a mammaliaa cell. Other examples of Suitable viral vectors include herpes 
simplex viral vectors- 55 and retroviruses* includmg ientivrroses, adenoviruses, adeno-assockted 
viruses and HPY viruses (soeb as HPY-16 or HPY- 3 8), Gene transfer techniques using these 
viruses are known to those skilled In fee art. Retrovirus vectors for example may he used to 
stably integrate the polynucleotide giving rise to fee airdsense RHA into the host genome. 
Keplleation-defechve adenovirus vectors by contrast remain epkomal and feerefore allow 
transient expression, 

The vector may contain a polynucleotide of fee inven tion ori ented in an antisense direction 
to provide for the production of antbense RNA, IHs may be used to reduce,, If desirable, the 
levels of expre ssion of fee polypeptide. 

.Ho.it cells and Expression 

In a &rther aspect fee invention provides a process for preparing a polypeptide according to fee 
invention which comprises odtiva&vg a host cell {a.g. transfermed or transfceied wi th an 
expression vector as ^ssodb^i'.m^}. u^r:<5o^.tipm ^ : ^oy|ae tor expression (by fee vector) 
of a coding sequence encoding fee polypeptide, and optionally recovering the expressed 
polypeptide, Polynucleotides of the Inyentloncan be Incorporated Into a recombinant replieable 
vector, e.g. an expression vector. The vector may be used to replicate the nucleic acid m a 
compatible host ceil, li^ ^,» :j^^ : -.^>6^^ the urveptmn provides a method of making a 
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polynucleotide of the invernionby-m Me & repileabie 

vector, intreaucmg the vector into a compatible host ceil, and growing the- host cell nader 
conditions which Wag shout the implication of the -vector. The vector may be recovered from 
the host cell. Suitable h<m c^' : kej»di&'tsa(fela ®tek m £ mlL yeast mammalian cell lines and 
otter eukaryotic cell lines; for exatapk jasect cells soch as SS cells and (e.g. filammtoos) fengal 
cells. 

Preferably the poJypeptide is produced, as a secre ted protein in which case the DMA 
sequence encoding a mature form of the polypeptide in fee expression construct Is operably 
linked to a DNA sequence encoding a signal sequence Preferably the signal sequence is native 
(homologous) to the DNA sequence encoding fee polypeptide. Alternatively the signal sequence 
isibrelga (heterologous) to the DMA sequence encoding the polypeptide, in which cage the 
signal sequence is preferably endogenous to ||&>$i£^--& which the DNA. sequence ia 
expressed. Examples »f suitable signal sequences for yeast host ceils are the signal sequences 
,d«dved:|»^?!^t'ip&-&stor genes. Sinnlarly, a suitable signal sequence fee filamentous ihngal 
host cells is : e.g. a signal sequence derived &om a -Momentous feagai anrylqgmeosldase (AG) 
; ^^g,:484^f^gjMg^ This taay be used in cooibination with the arnyldgiueosidase 
(also called (ghtco)amyiase) promoter itself, as well as in combination wife, pfeer promoters. 
Hybrid signal sequences raay also be used with the context of the present invention, 

Preferred heterologous secretion leader sequences are those originating from the fungal 
amylnghicosidase (AG) gene (giaA ~ both I B and 24 amino acid versions e.g. honi A$p&r0h&} > 
the ^rhetor 'gene (yeasts e.g. Saccharomcss and Kiuywomycm) or the a-arnylase gene 

The vectors may be transformed or txansfeeted into a suitable host cell as described above to 
provide for expression of a polypeptide of the Invention. This process may comprise crunrring a 
host cell transformed with an expression vector aa described above under conditions to provide 
tor expression by the vector of a coding seqjience encoding the 'polypeptide, 

A .further aspect of the i$^6o4## : pro^^.:k»i..cefe ttaasfoxsied or iransfeeted with or 
comprising a polynucleotide or vector of the feveniien. Preferably thepoiymtcieotiae Is carried 
in a vector for the repHeatioB and egression of the polynucleotide. The ceils will be chosen to 
be compatible with fee said vector and may for example be pxokaryotic (fer example bacterial) ; 
iungah yeast or plant ceils. 1',. .. .. . . . • 

A heterologous host may also be chosen wherein the polypeptide of the Invention is 
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produced in a form wMsfa k mbstmiMif fee fern other calMoss-dsgrstdiag enzymes. This 
may be achieved by choosing a host which does not normally produce such ensymes snch as 

The invention encompasses processes for the producdOB. of the polypeptide of the mveattoa 
by means of recombinant expression of a. DMA sequence encoding the polypeptide. For tids 
purpose the DMA sequence of the invention can fee used for gene amplification and/or exchange 
of expression signals, such as promote, secjotloo signal sequeaces, m order to allow economic 
production of the polypeptide in a suitable homologous or heterologous host ceil A homologous 
host cell is herein defined sis a host cell w&Kfc/is of tie same species or which is a variant within 
the same species as the species from which the DMA sequence is derived. 

Statable host ceils are preferably prokaryodc rnicroorganisrns such as bacteria, or more 
preferably eufcaryodc organisms, for example fungi* such as yeasts or fdsmentons fungi, or plant 
cells. In general yeast cells are preferred over fungal sells because they are easier to : manipulate. 
However, some proteins are either poorly secreted from yeasts, or In some cases are not 
processed properly (e<g. hyperglycosylation in yeast), la these instances, a tungal host organism 
shohld be selected* 

The host cell nmy over-express the polypeptide, and techniques for engineermg 
over-expression are well known'. The host may thus have two or more copies of the encoding 
polynucleotide (and the vector may thus have two or more copies accordingly). 

Bacteria from the genus Bacillus are very suitable as heterologous hosts becanse of their 
capability to secrete proteins Into the culture medium. Other bacteria suitable as boats are those 
from, the genera Sfrepiomyees and Pseudomonas, A preferred yeast host cell for the expression of 
the DNA sequence encoding the polypeptide is of tire genera Sacsharomycs^ Kh^w-ramycBs, . 
Hmsmula, PicMa, Yarrowia, and Schkosacsharomyces. More preferably a yeast host ceil is 
selected from tlie group consisting of the species Sacchammycss cerevwae, Kl-uyvsmmyces 
laciis (also known as Kluyveromyces mffft>^ml^^^fs%--B^ns8}mi& polymorph®, Pichia 
pas for is, Yarrewia lipaiytica,amL SeMsmdesharmnyees pombe, V 

Most preferred are, however, fs,g> fdamcnions) fuugai host cells. Preferred filamentoos 
fhnga! host sells are sefeeted fiorulha group consisting of the genem J^e^m;:, Trichoderma, 
Fmarium, Dispofoi&ehm, PemclUmm^ Mrmmmum, Immospom, Thermoascus, 
Myceliophtom, 4^^^^^, : W^>^:^T^£zm^w/M^ preferably a filamentous hmgal 
host cell is of t^ spmimAspsrgiBm <^w*.Asp&gtk$j$m* Jy&rgiihis mdulam, or a species 
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fern tixeAspergiltm. niger Ckoup (as defined fey Rape? ami Fennnll, The Genus Aspergillus, The 
Williams & Wilfcins Company, Balthnom pp 2M-344, 1.965). These imiM& hut are not limited 
to Aspergillus niger, AspefgWm mmmori, J^0?gM acukatus, 
Aspergillus jbsiidmiAspergBk&m Aspergillus aryzae and 

Aspergillus ficuum, and farther consisting of the species Trktoderma rmsei, Fusarium 
gramim&nm, Penicillium ckrysogenum s Acmmomtim aiahameme, Neurospwa crass®, 
Myceliophtara tksmophftum t S^rofrickm-^lMcpMtmu Disparotriekum. dimorpkospormt 
and Thieiavia mrrsstris. 

Examples of preferred expression, hosts within the scope of the present invention are ibngi 
Sasjh as Aspergillus species (described M B?-fc! B4 5 4S8 and EP-A-284,603) arid TriphpgmW: 
species; bacteria such as Bacillus species (described in EP-A-1 34048 and EP-A-253,4S§), e.g. 
Bacillus 'sitbtilis, Baeillm UnheniformU, Bacillus mnyloliquefaciens, Psetidomoms species; -and 
yedsts siiqh as Kluywran^css species (described in EP-A-0%,430 e.g. Xluyvemmyess laetis m 
EP-A-30.1 s 670) and Saccharomyces species, e.g. Saccharomyces cerevisiae, 

Hast cells according to the invention include plant cells, and the invention feerefere extends 
in transgenic organisms, such as plants and parts thereof, which contain one or more cells of the 
•ittveaj^DS,' .The cells may heierologoesly express the polypeptide of the invention or may 
hctenoipgously coofem one or more, of the polynucleotides of the invention. 'The transgenic (or 
gsnotically modified) plant rnay fect&f ore have inserted (e.g. stably) into its paoMs a sequence 
encoding one or more of fee polypeptides of the Invention. The translbrtnalion of plant cells can 
be performed using .known techniques, for example using a Ti or. a Ri plasmid from 
Agrabaeferium hmiefackm\ The plasmld (or vector) may thus contain sequences necessary to 
infect a plant and derivati ves of the Ti aad/ot Ri plasirnds may be employed. 

Alternatively direct infection of a part of a plant, suen. as & leaf root or stem, can be effected. 
In this -technique the plant to. fee Infected can be wounded, for example by entting fee plant wife 
a razor or poncmriog fee plant wife a needle or rubbing the plant wife an abrasive. The wound is 
then, mnocnlaied with the Agrohactm^um. The plant m plant part can then be grown on a 
suitable culture medium ami allowed to deyelop iuto a mature plant. Regeneration of 
transformed cells into genetically nn?dmed plants cart be achieved by using town techniques, 
for example by selecting transformed shoots asing an anubiotk and by sub-calturing fee shoots 
on a medium comalaing the app«pa#ei®BM^^- : |>l^t;temon«s and the !ike. l? 
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Culture of host csils and reLxwt&imniprodiigUon 

The invention also Includes cells S>d baye- besm modified to express the 8~glucansse or a 
variant thessof. Such cells inelime busiest, or prefemMy stable teghm eukaryotle cell lines, 
such as mammalian calls or insect celis, lower eukaryotic eels, such as yeast and (e.g. 
fikmenions) fungal, sella or proiauyotie eeEs such as bacterial edlk 

It Is also possible for the proteins of themvention to be transiently expressed in a ceil line or 
orj & membrane, such as for example in a hacnloviras expmssie-n system, Such systems, which 
are adapted to express the proteins according to the invention, are also included vyhhm the scope 
of the present invention. . 

According to the present Invention, the production of the polypeptide of the invention can be 
effected by the etiituring of microbial expression hosts, which have 'been transibrmed with one or 
more polynucleotides of the present invention in a conventional nutrient fermentation medium 

Hie reeonvbmaut host cells according to the hrvention may be cultured using procedures 
khownmihe art For each combination of a promoter and a host cell, culture condition : ans 
available which are conducive to the expression the DMA. sequence encoding the polypeptide, .. 
After reaching the desired ceil density or titre of the polypeptide the culture is topped and the 
polypeptide is recovered using known procedures. 

The fermexnation medium, can comprise a known cuimm medium containing a carbon 
source (e.g. glucose, maltose, molasses, cellulose, 8-glncsn etc.), a nitrogen source (e.g. 
ammonium sulphate, ammomum nitrate, ammonium chloride, etc.), .an organic nitrogen source 
(e.g. yeast extract, malt extract, peptone, etc.) and inorganic nutrient sources (e.g. phosphate, 
magnesium, potassium, zinc, iron, eie>). Optionally, an inducer (e.g. eelhriose, 8-ghieaa, maltose 
or maltodexhin) may be included. 

The selection of the appropriate medium may be based on. the choice of expression host 
and/or based on the regulatory mojm^ents of the expression eonstmet Such media are known 
to those skilled In the art. The medium may , if desired, contain additional components favouring 
the transformed expression hosts over other potentially contaminating microorganisms. 

The fenneatation can be performed over a period of (1.5-30 days. It may be a hatch, 
continuous or fed~batoh process, surely at a temperature In the range of between 0 and 45 a C 
and, tor example, at a pH between 2 m^l^ft^^M Mwmimim mxiMm^ are a temperature 
in the range of between20 and 37*C mB/m a pH hetween S and 9. The appropriate conditions 



are usually selected based on the ehsnce of the egression host, sad the protein to be expressed. 

After fmmooiatioa, Wmc#$m$, the cells ca be -removed from the fomentation broth by 
meaas of ceatri&gatioa or Skratios. A&r fermentation has stopped or after removal of the cells, 
the polypeptide of the inwenrimi may then be .'i^vsftsd tad> If desired, purified and isolated by 
conventional means. 

Uses of the posypopudcs and methods of processing plant or c : eilujQse^g omaimag mat erials 

The polypeptides of the invention waish possess B-glucanase (or cellulase) activity may be 

used to treat .fungal or plant material ineloding plmi palp aid plant extracts, For example, they 

'may be used to treat eereais, vegetables, fonts or extracts thereof. They may he used & washing 

compositions (liquid or soiki e.g. powder) and/or m detergent compositions. Conveniently the: 

polypeptide of the joveatios Is combined with suitable (solid or liquid) carriers or diluents 

including buffers to produce a composition/ enzyme preparation. The polypeptide niay be 

attached to or mixed with a carrier, eg, immobilked ou a solid carrier.' Thus the presets 

investioE provides in a further aspect a composition comprising a polypeptide of the IsrvMthm, 

This may be la a farm suitable for packaging, transport and/ or storage, prefembly where the 

glueaasse aetl;vity is retained. Compositions include paste, liquid, emulsion, powd^ Bakej 

gramdafe, pellet or other extrudate form; 

Tim composition may further comprise additional ingredients such as cue otmot&mzym&si 

r? T 
for example pectinases, including aafe.g. aodoVambiaanass and dramnogatacturanase,: other 

eeilulases, xyiaoases, galactaaases, manaaaases and/or xyloglneanases. The polypeptide is 

typically stably formulated either la liquM or dry form. Typically, the product is made as a 

composition which will optionally include, for example, a stabilising buffer and/or preservative. 

The compositions m ay also include other errsymes capable of digesting plmi material, or 

cellulose, for example other eelfuiases, e,g. <S-D-)gJucaaases. For certain applications, 

iannobilizatioa of the enzyme on a solid matrix or mcorporation on. or into solid carrier particles 

may be preferred, T he coix^oaMon may also .aa^^fe-;§.'v^is^.af.otb«!f plant ruaterial-degrading 

enzymes, for example (other) celiuiases and other pesfinases. , ; 

The polypeptides and compositions of me iavtMan stay merefbre be used in a method, of 

.pmcessing ptet.mMerial -to .cwstitneafe (e.g, b-D-giucan) of the 

cell wai ls of the plant or fesgai material TbJis in a fcmer aspect, the present invention provides 
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a method of .degrading or modifying a plant cell or cellulose which method comprises contacting 
the plant, feagal eel or cellulose with a polypeptide or composition of the invention , 

Tim inveatloa also povides a method of processing a plant material which method 
comprises contacting the plant material with a pol^pepiife or composldon of the invention to 
degrade or modify the cellulose in the plant material. Freferahiy the plant material is a plant polp 
or plant extract. 

hi partic ular, the degradation preferably comprises cleaving of B-gmcas suta&s of a 
cellulose component of the pimi ceil wail, Tk® plmi material is preferably a cereal, vegetable, 
fruit or vegetable or fruit palp or extract. The present Invention farther provides a processed 
plant material obtainable 'by contacting a plant material with a polypeptide or composition of the 
invention. 

The present Invention also provides a method for reducing the viscosity of a plant extraet 
which mediod comprises contacting the plant extract with a polypeptide or composition of the 
invention in an amount effective in degrading cellulose (or B*«D~ginean) contained in the plant 
extract. 

Plant and eelltdose-eontahiing -materials Include plant pulp, parts of plants and plant . 
extracts. M . the context of this invention an extract from a plant material is any ^ihstence which 
can he derived from plant material by extraction (mechanical and/or chemical},, processing or by 
other sepamtion techniques. The extract may be j uice, nectar, base, or concentrates made 
thereof The polypeptide may he used in (e,g. total) ikpoefaction and/or (advanced) maceration, 
for exampel In preparing (%$Vjnices* The plant material may comprise or be derived from 
•vegetables, eg,, carrots, celery,, onions, legumes or leguminous plants (soy, soybean, peas) or 
fruit, e.g., pome or seed fruit (apples, pears, quince etc,}, grapes, tomatoes, citrus (orange, lemon, 
lime, mandarin), melons, prunes, cherries, black currants, mdeartaats, raspberries, strawberries, 
cranberries, pineapple and other tropical feuts. -trees and parts thereof (e.g. pollen, from pine 
trees), or cereal (oats, barley, wheats maim, rice). 

The polypeptides of the invention can fens be ased to treat plant material mchidiag plant 
pulp and plant extracts. They may also be nsed to treat liqnid or solid foodstuffs or edible 
foodstuff mgrsdierrk 

Typically, the p«lyjp«^^fe'offem¥^oa,^'^e^' : a§ a conrposition/ ensyme preparation 
as described above. The composition mil pnemly he added to plant pulp obtainable by, for 
example mechanical processing such ^s^^g : #i^lEJ^:p|^imt3eri.aL loeubadon of the 
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compssxtmn wi&.ihe^teat : ^: : i^^Uy%-^sm©S Sm- at time of from 10 mimitss to S hm®, 
such as 30 nusutes to 2; hours, prefi&aMy ibr abem 1 hoar. The processing temperature is 
preferably 1 0-55*0, e.g. fhm i5 fe 25°C/optlHm0y ^g^ 20*CM?d onecmi use 10~30Gg 5 
preferably 30«70g 5 optimally $b&& 5Gg of en^me per Ida of material to be treated. All the 
en2sy.me(s) or their eonrpositions used may be addled «qnsuhaliy or at the time to fee plant 
pulp, Depending on fee composition of fee es^me preparation fee plant material may first be 
macerated (e.g. to a puree) or liquefied, Using fee polypeptides of the feveaiion processing 
parameters such as fee yield of the extraction, viscosity of fee extract and/or quality of fee extract 
can Be improved. 

Alternatively, or In addition to fee above, a polypeptide of fee mventioa may be added to fee 
raw juice obtained irons pressing or iiqusfyhrg the plant pulp. Treatment of fee raw juice will be 
carried out in a similar manner to the plant palp in respect of dosage, temperature and holding 
time. Again, other errsymes such as those diseased previously may be included. Typical 
incubation conditions are as described In fee previous paragraph. Once the raw jfetee has been 
incubated with the polypeptides of the invemlon, fee j uice Is then centrifeged of (ultra) filtered to 
produce the final product. 

A eonmcsition containing a polypeptide of the Invention may also be used during fee 
preparation of fruri or vegetable purees. 

Xhe polypeptide of fee Invention may also be used In brewing, wine making, distilling or 
baking. It may feerefbre used In fee preparation of alcoholic beverages snob, as wine and beer, for 
example to improve dreillterabiiiiy or clarity of wine, f.n baking tile polypeptide may improve 
fee dough structure, modify its stickiness or suppleness, improve fee loaf volume and/or crumb 
structure. 

Poiypsptide of fee invention can be nsed in brewing. In brewing, filtration problems can 
arise la mash-bills, "which include overmrodified malts, due to the present of h-glueaus released 
at high temperatures. The reduction in the speed of wort filiMipn can be one of the main 
problems encountered, Addltonaf pmhlems are colloidal stability and haze formation in finished 
beer. These may he caused by the same carbohydrate complexes, especially during high gravity - 
brewing, The polypeptides :sf'^aiv^%ii : -jn^ : 'l3«6 sifeie to Insprove the fihersbilhy of the wort, 
for example after mashing, hi tins way, leas wort liquor may be retained in the spent grains, and 
the yield of extract can be improved. A-mose efficient ffitrafion can result in an Increased 
efficiency of the btewhoose. Thus, ia.^^,.^!^!^!^^ of fee: invention can. be used to 
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.improve the filterabiihy or filtrgim rafc oftfee (e«g, feished) beer. 

The pol>^|>^dss^fiie.'%yeatoa may also prevent or at least rfoiigats haze formation 
during beer manufacture, ii-glncans found in the endosperm w& of cereals can be carried over 
mfc &e tlmshed beer. This s&y cause haze and fosa of clarity . The polypeptides of the 
rnvernion may prevent or at least mitigate aeananl&tion of particles due to the hydrolysis of 
8--gtucau. Hence the polypeptides offcisvsaieii may be used to increase the colloidal stability 
of the. (e.g. finished) beer, 

The polypeptides find use m a number of fodusiral areas due to their glucanase acti vity . 
These can inchrds not only alcohol production, brat also 1b biomethaoation, in bread making and 
in baking, in dental hygiene (for example dental or oral eorapoaMoas), in the treatment or fabric,; 
clothes or manufacture of leather, in the manofaetiire of paper, in pharmaceuticals, in tea, in the 
preparation or treatment of textiles, in detergent or washing compositions, and in the treatment of 
waste. One aspect of the invention is therefore a .food or foodstaff comprising foe polypeptide, 
^ach as an alcoholic be verage, bread, dough or tea. The polypeptide may be fonnnlaied into a 
suifcfole composhiona fer any of these uses. The polypeptide may be present in an aqueous 
composition (eg. Mot water), preferably with one or more .fungi cidea, in order to treat plant 
material (eg, bulbs), especially to control parasitic insects., mites and nematodes, 

As foe poly peptides of foe invention can degrade glucan it may he added to foods or : 
foodstnfl! (for example by consumption by humans). It is known that soluble 0-D -glucan ls 
associated wifo foe lowering of serum cholesterol and triglycerides, and therefore the 
polypeptides of the invention can. be used to lower serum cholesterol and triglyceride levels in 
Immans or animals, for example in Iryperlipemic Individuals. The invention therefore includes 
pharmaceutical and veterinary compositions that comprise the polypeptide of the invention and 
the phamiaceutically or veteriuarity acceptable carrier. The polypeptides can thus he used in the 
manufacture of a .medicament for preventing or treating hyperlipemia, or high serum cholesterol 
and uigiyeetide levels or disorders resulting therefrom. 

Polypeptides of the inven&n may also display -antifungal activity; They may he able to 
degrade fungal ceil wails, and thus can be employed for fungal ceil waii lysis, In order to open 
foe cells. This may release intraedMarpoteins. Ik sagk polypeptide may be us$& to 

prepare yeast mid/or fengal extracts. 



30 



vcrmmnnm 



E. Animal F eeds 

The invention additionally relate m ibodsmfe or m smm&i Jfeed composition wmpnsmg 
one of more polypeptides of the mvenrion. The polypeptide *»ay be .present m the feed at a 
mnceatahou different from its natural sonoea&atlaa. Preferred amounts are from 0,1 to 100, 
such as 0.5 io SO, preferably 1 to 10, mg pet kg feed. 

The isventkm also relates to a process for the preparation of an animal feed composition, die 
process comprising, adding to one or more edible feed sobstanee(s) or ingredients) a polypeptide 
of the invention. The polypeptides can be added to the animal feed composition separatdy feom 
me feed substances or ingredients, feriividuaily or In comb&^^ : '^|i'«tlJ«r feed additives. The 
polypeptide can be an Integra! part of one of the feed substances or ingredients. 

The polypeptides of the invention may also be added to animal feeds rich in cellulose to 
improve the breakdown of the plant cell wall leading to improved utilisation of the plant 
nutrients hy the animal The polypeptides of the invention may be added to the fhesl or silage if 
:pre~soaldog or vvet diets are preferred. Advantageously, die polypeptides of the invention may 
eontkue to degrade cellulose in the feed in vivo. F ungal derived polypeptide of the hwen tion in 
pattioalar generally have lower pH optima and are capable of releasing important nutrients Io 
such acidic environments as die stomach of an animal. The invention fens also contemplates 
(e.g, animal) feeds or foodstuffs comprising one or more polypeptides of the invention. 

The poly peptides of the invention- may also bo used during the production of milk 
substitutes (of rapjaeers) from soy bean.. These milk substitutes can be consumed by both 
huteaps and animals. A- typical problem during die preparation of these milk substitutes is the 
high viscosity of the soy bean slurry, resulting in the need fer an uodesir&hia dilution, of the 
.starry to a concentration of dry solids of 10 to 15%. An em^yrae preparation containing a 
polypeptide of the invention can he added to, or during the processing of, the slurry, enabling 
processing at a higher coneemmtion %piealfy 40 to S0?i) dry solids, The enzyme may also be 
used, in fee preparation of savoury produces), e.g> ffora soy bean. 

The sonaposMofc j^:aMti«Miy-:cpnipii8e -i^ieaMy ^tebeing formulated for use hi 
animal feed) one or more ionxjphorcs, oxidising agents., surfactants, rumen protected amino acids, 
enzyme enhancers or m^xsm::wM<Mm^^^m^xi&d nahtraily In the gastrodntestinai tract of 
the animals to he fed. 
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When added to feeds (inelnding silage) for mmimtte m monogasirie animals (eg, poultry or 
swine) the feeds may comprise cereals sa&fe as barley, wheat maim, rye or oats or oerea! 
by-products such as wheat bran or maize bran, or otter plant materials snob as soy beans and 
other legumes. His a:oxynie(s} may signifoamry improve tbe bresfedowa of plant ceil wails 
whiea leads to better luLUsaiion of the plant nutrients by the aMmal As a consequence, growth 
rate and/or feed conversion may be impoved, 'flic polypeptides of the mveutiou mm be added 
to the feed (directly or as an additive or kgrefesfc) or treated cellulose (e.g. giuean.) mm be 
added instead. 

A partieulsniy preferred Method for the (exogennns). addition of fee 8-glucao.asc is to add the 
polypeptide of the invention as transgenic pimt material and/or (e.g, transgenic) seed, The 
polypeptide may thus have been synthesized uuoogh heterologous gene expression, for example 
the gene encoding the desired enzyme may be cloned in to a plant expression vector, under 
control of the appropriate plant expression signals, e.g. a tissue specific promoter*. sUcMbS a seed 
specific promoter. The expression vector eoataMag the gene encoding the polypepMde can be 
subsequently transformed into plant cells, and transformed cells can be selected fbr regcneratioa 
into whole pi ants, The thus obtained tmnsgeule plants can be grown and harvested, and those 
parts of the plants containing fee heterologous (to the plant) polypeptide caa be Incl uded in one 
of the compositions, either as such or after tmiher processing. General methods loir the 
(heterologous) expression of enzymes in (transgenic) plants, including methods for seed-specific 
expression of enzymes, are known K \ The heterologous po.lypepti.de may be contained In the seed 
of &0 transgemp plants or it may be contained in other plant parts such as roots, stems, leaves, 
wood, flowers, back, and/or fruit The plant may be a monoeot. or a dicot Suitable plants include 
cereals, such as oats, barky, wheat, maize and rice. Pmferabiy the polynucleotide of the 
invention Is stably mcorporated into the plant genome. 

The addition of the polypeptide in the form of transgenic plant material, e.g; in transgenic 
seed may require the processing of the plant material so as to make fee enzyme available, or at 
least improve its avaUabSi^Scfc^ pes&essiisig 'tetibw$f$ma$ include various mechanical (eg, 
milling and/or grinding) ieehnkpres or thcrmomcchanical treatments such as extrusion or 
expansion. 

The present invontlbn ihns also relates to a process for promoting growth aod'br feed 
conversion hi a monogastrie or non-rmninm?t amniat, tljo process comprising feeding the animal 
polypeptide of the Invention, Snitabk ardmals memde iarrm monogastrie and/or rson-runimant 
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animals such m pigs (or piglets), p(^^Xs^j^4^^sx^.t^e^i% calves or veal or aquatic 
(e.g. marine) animals (for example fish}. 

Assays for Cellulose Degrading lazymss 

Also within the pxeseat iavmtfen is the use of polypeptides according to the invention In 
screening methods to identify compounds thni may act. as agonists or antagonists which amy 
.modulate me B-giusanase., In general. terms, siioh screening methods may involve contacting a 
polypeptide of the invention with a test compound and then measuring activity or incubating a 
polypeptide of the invention with, a test substance and then detecting any modulation of 
B«glncanase activity. Agents which bind to the polypeptides of the peseat invention can also he 
identified by binding assays. 

Modulator activity can be determined by contacting cells expressing a polypeptide of the 
indention with a substance under investigation and by monitoring the effect mediated by the 
polypeptides, The cells expressing the polypeptide may he im v|rM and preferably, the assay is 
carried out Mmtrti wmg cells expressing recombinant polypeptide, 

Tne assays and substrates described herein have allowed ideniifieatibn and confirmation of 
B~giucanass activity. However, these assays can be used, to detect other cellulose degrading 
en^a^Sj whether or not they have B~gineaaase activity. The substtate that can be nsed for this 
assay can comprise 8-glwcaa. 

Another aspect of the invention relates to an assay for identifying or detecting a polypeptide 
which is able to degrade cellulose. The activity may be a glucanase (e.g. S~ghseanasa} or 
eellulase or xyloglocanase. The. assay may comprise: 

(a) providing, as a substrate for a candidate compound (usually a polypeptide) the 
substrate described in the previous paragraph; and 

(b) contacting the substrate with the candidate compound, and detecting whether any 
carbohydrates are produced. 

The amount of these carbohydrates nan be measured. If accessary., they can then be 
compared to the amount of the eafMhym^ In the absence of 

candidate compound. 

The above assays can be mploy^#M^ts^ ; J3to5Ma$ors of the B-glncanase activity. 
Preferred features and ekuaeterlstics of one aspect of the Invention are applicable to another 
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aspect mutatis* mutandis. 

The iavmtloa will now be descrihed with t^mx- to life Miowmg Examples which are 
ixitencted to be Illustrative only and not limiting. 

EXAMPLES 

General pTOoegfores 

Stated molecular cloning techniques such as DNA isolaUoa, ge! electrophoresis, 
msymat&c restriction modifications of xmcieie acids. Southern analyses, K coU transibrmalion, 
colony lifts and Sitef hybridisations etc., were performed using standard techniques.'- 2 Synthetic 
oiigo deoxynueleotides were obtained from ISGQEN Bioscience (Maarssefj, The Hetherlaads^ 
UNA sequence analyses were performed on m Applied Biosystems 373A DKA sequencers 
according to the supplier's inductions. 

DNA labelling and hybridisations were conducted according to the BCL™ direct miOlelc 
acid iabeHug arid detection systems (Amersham LIFE SCIENCE, Little Chalfout^ England) m 
according to the standard radioactive labeling techniques, 5 

T. emersonii strain CBS 3.93.64 was fermented under oelliuasednduciug conditions. At 
several time points mycelium and culture supernatant were harvested- by filtration using 
Mltaolofe fxltudlon wrap. Mycelium was washed extensively, vfitix demineralized water and 
squeezed between paper towels to remove excessive water. Mycelium Irons, selected time points 
(based on. the celinlase measurements in culture snpernatants) was frozen immediately in liquid 
nitrogen and ground to a fine powder using a mortar and pestle. The resulting powder was 
transferred to a sterile 50 mi tube and weighed: for every 1-1 .2 g of ground mycelium 1 0 ml 
TBIzoi reagent (Qlbco/BRL) was added (max, 25 ml per tube). The mycelial powder was 
immediately soIeblLisedby v^i^misi^f^vottejd^g, 1 mm)? followed by 5 minutes at room 
temperature incubation with occasional mixing. A '0,2 (original TKIzol) "volume of chloroform 
(thus 2 ml for every 10 ml TI02^1.'u^oiipa^X«^ added, vortexed md left at room 
temperature for 1 0 mis. Subsequently, the mixture was eentdfaged at 4°C, 6*000 g for 30 
qnhntes- The top aqn^wpi^-^'tp?B5^pd.-|o a fresh tube and total UNA was precipitated 
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by addition of a 0.5 (original 'TRisasl) volume of isopTOpyl alcohol (feus 5 ml of isopropy! 
alcohol for every 10 Ml TEIml used oagmMly), Atler IS mmutes of precipitation at room 
temperature, the SKA was recovered by eenMfhgafkm lor 30 mmutes at 6000 g< On removal of 
supernatant fee RNA pei&t W8s^^:tsd&.^'V©to$ : dlfO%-.eteioL After removal of the 
ethaaof the RNA pellet was air dried* The dried RN& pellet was dissolved in 3 ml GTS (1 00 
txM Tris-CI, pH 7.5., 4 M guanidhun thioeyaaate s 9>5 % sodium iauryl sarcosmaie) buffer. .1.0 ul 
of KNA solution was medio determine quality and concentration of nucleic acids. 

Northern analysis was performed 5 and the isolated RNA &rther purlfied, {t5 < For Isolation of 
mRNA a modified protocol (using gravity flow instead of ceatriluganon) of the Pharmacja 
putlScsgoE kit (Cat no. 27-92584)2) was used. 5 For cDNA synthesis the Stratagene cDNA 
Synthesis KIT was used moot ding to the instrncdons of the manufacture^ except for a number of 
optimisations for using the pGBFIN -vectors with major changes as previously desSaihed/ 

The amount of cDNA synthesized was estimated by TCA precipitation and subsequently; 
anslysed via electrophoresis in alkaline agarose gels. 5 

Example 2: Preparation of a sD NA library from T. emersoniim&MA 

The cDNA pool obtained m Example 1 was bionted.. iigated with adapters and resMedon 
eMyme digested. 5 

Cloning of the cDNA in fee expression sector pGBFlN- 11 (see WO -99/32617 fprfee 
construction of this vector) requires the presence of a EcdBl site on the 5'- and of an Mail site on 
the 3'- ond of the cDNA. Tlserefore, the first strand priming oligonucleotide and the adapter 
sequences used. (Pharmacia) were chosen to meet die prerequisites sat for fee expression vector. 

The cDNAs obtained were separated via; sise fractionation through a SEPHAR.OSB CL-2B 
matrix, upon which size of fee individual pools obtained were analysed via non-denaturing gel 
electrophoresis. 3 Two pools of cDNAs^ oMaified via cut oris at 0,5 kb and LOkb respectively, 
were selected for ■construction of fee aefMASbmry in. pGBFM-lL for the pGBFIN~ll s a pool 
of completely douMe-digssted (McMkMM) pGBFlN-41 vector (background ligation < 1%) was 
prepared. The selected o'D'NA pools were iigated Into the pQBFIMT 1 vector sad transformed 
into £ co/tXl/iO-GoMbacferial p ^^e;^:^^..oJMA libraries. Transformation 
fxequsocies of fee two pools were both>i ,0 x 10 6 . from a faction of both fee £ c&li cDNA 
libraries, colonies were selected randomly andplasMidSMA was isolated. Analysis of this 
plasmid fMA demonstrated that bo^ 90 and 
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95%, 

Furthermore,, colony kite •mm-pttfskm^fam'a Iractba of tie Ibjfcry and the generated 
filters were subsequently hyoridised with fee S mmmemigpciA gene, -eacoding the 
gIyceraMd)yde-3-phosphate dehydrogenase gene, Ne^.^assrud : BHA. was isolated and via 
rssfektior; analysis it was demoi^6^:^-#pk^M : <?€ai^^i single Inserts in the correct 
orientation. Sequencing of the 5* ends of the eBMAs wl&in these T. emsrsom gpuA containing 
piasraids demonstrated that > 85% was Ml length. 

Exanmie 3; Transformation of the expression library to AMzer 

DNA was isolated from the E c&U cDNA ilbmry as described eoriier. Total plasmid DNA 
was digested for 4 hoars at 37*C with Notl to remove K calf derived plasmid sequences. After 
purlfieatioa, the DNA was dissolved is sterile deufejeraiised water. 

Mutdple A tng&r DS2978 transfd^aations were performed 3 using 1,5 x i(f B 3.0 x 10" 
protoplasts and 10 ug of plasmid DMA per tmasforMation. Tmnsform&uts were selected the 
presence of the amdS selection marker by growth on acetamide as fee sole N*sonros. Sine® hoth 
the mtdS selection marker and the cDNA expression cassette are preset on die integrating 
fmgmeut growth on aeetamide is indicative for the presence of a cDNA expression eassette. 

After approxiniately 7-1.0 days incubation at 30*C» 10,000 trarisforrnants were periled; the 
Aspargiilm nig&r transforansnts were transferred roboiicaliy (FlexysJeoiony picker atdornater) 
fxprn fee transformation plates towards 9d wells MTP Master Plates (MPs) wxmMng 150 ul per 
well of solidified selective medium (SM) (per .! 000ml: 0.32 g KG, 1.52 g'Kj HP0 4) 0.52 g 
MgS0 4 , 20g glucose,, .lg acetamide., 0, iM MBS buffer, ISg agar. Irnl of trace element solution 
[trace elements solution (eontaimng per 1 liter); 2;% 2ioS04/7B :S O, LIg H 3 BO s> 
0.5gFeSO/?HA 0,1 ?g CoCW6H,0> 0,I6g CoSCVSHA 04% NaMoO/ZHA S,0g EDTA, pH 
.&5] pB 5.5, The transformants were grown on SMfdr 5 days at 34°C, The tons generated set of 
MPs was used to 1} inoculate MTFs for growth and snbseqneni mz$m& detection and 2) backup 
plates (BPs) of the cDNA library wMehwero stored at -8(PC. 

5 days-old grown MPs were used as^r^^ on fresh 

selective medium (SM|p^ Oi.52 gKCL 1.52 g fCjiff O,.. 0.52 g MgSO^ 

20g glucose, l g acet^de >: 0a^M^ ; l^^,:l5g-^^i^.Offtee element solution |tmce 



dements soMtati^ar 1 MM^22^7^©/m^ } lAgM^& is ^S^tB0/IBfi s 0.i?g 

cocymA o.wg c«so 4 /5ha rngMm^ms^mmiA, pu m ph. 5.5. 

Once inoculated the pistes were mM&iM MX % 4Blu Subsequently the plates vfm 
filled up with a top-ftgar-eontaiaiug eail;ox:p^bylcdMose (CMC) (Sg agarose, 0,5g CMC 
(Sigma ref C4888) prepared is 1000ml of SO mM phos|dnde bu» pH 7). Once the top agar 
solidified, the plates were left at tor 4 tots. For me activity visaalization, the plates were 
stamed with a Congo red solution (10 g Congo red m 1 (300ml phosphate buffer pfi?) tor 15 
miautes. The stainiag solution was discarded sad the plates were washed with lM'NaCi(S8;44f 
ia 1 litre of distilled water). This latter step was repeated twice. Positive clones appeared by 
rbnniag a pais clearance halo on a ted background. 

The positive celluiass clones .from this first screen (demonstrating a clear halo after Congo 
red screening) were re4noeulated on fresh SM medium and grown for 5 days at 34°€ , The thus- 
obtained, template plate was then replicated on selective medium ami on selecti ve medium 
containing 0 ,075% (w/v) of AZCL-oeiluiose (Mega^yme catalogue re£ X-A2CEL), The SM 
plates were treated and scored as described previously (growth at 34 C C and subsequent screening 
via cellolose-contammg overlay sad Congo red straining) whereas the SM-A£CBL-eel!u!osa 
plates were Incuhated at 34*C for 43 h md then ferther incubated at (iS^G for 8 k The SM- 
A&Ct^eeliulose plates were scored before and after the high temperature incahation. 'the 
positive: ceJMas© clones resulted in a diffuse blue halo, 

finally, 20 positive eeliuiase clones were identified. Celiuiase producing Aspergffim 
transiimmuns, as identified in the xyiaoase plate assay, were grown in shake fiask fermentation:, 3 
Medium samples were taken alter 5 days of fermentation and. analysed for eeliuiase activity as 
described later. 



Example 5: Genetic analysis of positive ttansmnuants 

Positive (re-eo»femed) feaasfbrmanfs identified were grown m liquid medium, the 
mycelium was harvested and total (chromosomal) DM& was isolated using the Furegene 
Isolation System (Biosyrn B.V^.feiMA^&S^i'fioia filamentous fimgi. DNA Isolation and 
purification ^wperfon^as^Msiii^ita iw.jegpfier£ protoeol, but siighily modified: protein 
precipitation steps 3 and 4 were repeated, 

ChTomo^# -pKA:v^ ^ as a l;mpiate in. a PGR reaofea. using primers 1220? (SEQ ID 
No. 8) and 1193? (SEQ ID No. 7} to amplify the mssrt(s) pwseni in the express tea cassette 
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integrand fato the chromosomal DMA. 

Direct PORs on teHJsforma«i§ yyeipe ptrf&xxm^ hccpMmg to aq. adapted version of a known 
protocol" where the mycslram hhtehsed was .s?d)s^i^j^iy--te^:'wk|i GluesnexJ (Novo 
Notdisk) at 5 xng/ml eosesstmtioM instead of the MG^O^ms. 

PCR reactions eoatainOd eLONCJase )M B buffer (Life TechiKhogies, Breda, The 
Netherlands), dNTPs (200 nM of each), 1 pi eI^OMX3ase m Eazym« Mix, 1-5 [il template, and 
1 0-30 pmo! of each oiigo, in a final volume of 50 ul The optimal amount of aligns was 
determined experimentally tor each purchased batch. 0» average, 10 to 30 pmoi was used. 
Reactions were performed with the following cycle conditions; tx (2 vain )94*C S 3Sx (1 min 
94°C> 1 mm SS°G, 6 mia 72*0), .fx (7 rain 72*C}* Samples were loaded on agarose gels for 
analyses of ICB. products. 

Hie thus obtained PCR product was sabcloned in the & co£ pcr2d cloning vector 
(luvitrogem according to the suppliers mstmctioos), resulting is pl&smid pCsBCBA-I . 

The subclone*! PGR product was seqneuced. The resulting nucleotide seipence ofthe 
coding ::regiaa is depicted m SBQ ID NO 1 and the deduced amino acid sequence of the protein in 
SEQIPN0 2. This protein has been named CI A. 

Example 6; Vlscomerrie screening of a cDNA JExpregshm Library using the Harndton Yiacp- 
robot 

Vi$wm&tric measurements ;■-'■<■ 

Capillary viscometers are the most commonly nssd type of viscometers used fee the 
measurements of viscous liquids, fa general, the liquid, of interest, is made to flow through a 
capillar}' lube under a known pressure difference. Then the rate of flow is measured, usually by 
noting the time taken for a given volume, of liquid to pass a graduation mark. Other types of 
capillary viscometers force the llqoid through a capillary at a predetermined rate of flow, and the 
pressure drop thereby produced across the eapfilary is measured in order to determine the liquids 
viscosity. Cordroifed ensym^ be used to 

determine the enzyme activity. Providing the numeric relationship between the viscosity and the 
concentration of the liquid is kiwwn, Idneiio -.p&smetas sneb as the Mieoaeiis-Menten constant 
can be estimated. 
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I, The Detection System 

(a) The setup of the .fkmttiion viscoroboi 

The Hamilton pipetting robot pkaifioa Wbifestatioti Microlab 2200, Hamilton 
Company, Reno, USA) was controlled by a sojftware progmai called Eclipse (Hamilton 
Company). This software emMes fee user to dfs?eet the prd^*aan to a certain position within the, 
Hamilton workspace, A standard sdsoo-assay BeHpe program was developed. This program 
works on 96-ws!ied MTPs, where each well can be addressed individually. The syringes are 
used to aspirate or dispense sample liquid at an Bdipse-speehied position through the needle 
orifice. Both the aspiration and dixpensioa velocity (in see/ml) as well as the aspiration and 
dispe-usion vohanes (in ul) w® specified at will By implementing rack definitions, multiple 
reagent containers can be accessed in an efficient and timesaving manner. The carry-over of 
sample liquid from .one pipetting step to the next was avoided by ksiructkg Eclipse to rinse the 
tubing with system fluid* The aspiration velocity of 10 sec/mi (sometimes 15 sec/mi) w«s 
snitaMa to distinguisn most viscosities by looking at the peak heights. Usually 200 - 250^1 of 
sample liquid was aspirated and dispensed. 

(b) Setup of the Hamilton 

Aspiration ofsaxopk liquid: produces a pressure drop throughout the water-filled 
tubing. The magnitude of the pressure drop depends on both the aspiration (or plunger 
movement) velocity and on the viscosity of she sample liquid, The greatest pressure drop Is 
created in the needle tip, since the radius Is smallest (about 0.3 mm). Aspiration of sample 
liquid causes pressure changes, which sue relayed from, the T-func$ion to the pressure 
transducer. The transducer (Depes. B«Y. ? de Bilt, The Netherlands) converts the magnitude of 
the onderp.res.sure into an electric currents .The electric current is read by the Datacaker once 
per second, and subsequently stored in the Datatake^s memory in a digital format. A 
computer that is connected to the Datataker enables (via the Deiogger software) the download 
of the Dannaker memory into files. They hi turn can be read and analysed by common 
spreadsheet programs (such as Mlcro-soh: Excel); Since the pressure was measured with, time, 
the final output can be visualised by plotting the magnitude of the underpressure (in. mV) 
against the time (in seconds). XJpoa displacement of the T-junction to a position right behind 
the needle, the pressure signal is less dependent on the aspiration volume. 
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(c) PreparatioB of calibration <^^;jdi0%l.^^^&aji<# of the viscosity of my liquid. 

According U>^.p^^^ilA^.^-^ise^^ pressure drop should be directly 
proportional to the viscosity, since 



k 



where 



SIQ 



With this formula it possible to relate the KsiOi-Yalt tmderpressurs output to the mifcaown 
viscosity of the sample liquid.. This was doae by aspirating a defined constant volume of 
calibration liquid (usually glycerol, as it covers a range of viscosities and behaves m a 
Hewtosiao manner) at various concentrations. The underpressure tips created relate to the m¥ 
output by aa unknown factor F. Bines the absolute viscosities of various glycerol eoneealrado^s 
m kttown, a plot of the mV underpressure output tor various known glycerol concentrations 
against the known absolute viscosities of the same glycerol concentrations produces a straight 
line through the origin (since P ™ (mV)*F - t|/fc). 

(d) Ellipse program used for Full-Seaie Ser eemng. 

A single measuring cycle consists of the aspiration of 25QuJ sample mi mp&tXMmi 
substrate mix) at an aspiration velocity bf ifeecfml Prior to the aspiration, of sample fluid, 40$i 
of air: was aspirated to separate system irom sample fluid. Once the aspiration of sample liquid 
was complete, it is followed by dispension of 290 jil of sample and air. This measuring cycle was 
repeated six times, and followed by a Sml washing step in order to clean the tithing. 

II. Assay Development 

(e) Establishing the optimtm-substrdte mixture of pectin andxylanjhr screening. 

Using more turn one viscous suhstrate at a rime had several advantages. One can screen 
for different types otmzymm at me same time. This saved a large aruouat of effort and time 
while less substrate was required. InaddlfioE to oat spelt xylan it was decided to use pectin as 
the second substrate, A 'hi solution of 3% pectin and 1% oat spelt xylan seemed to be the most 
suitable for scre58t»a^.,S|^'i^re v^$wgpx&&My few positive clones In the library, most 
peaks had an approximate heigat of 43 SatV 7 ; Is ease of a pushlw ^syianass sample, all or most of 
die xylan was he degraded so that only 0.5% pectin was left. Hence, a positive xylaaase clone 
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produced apeak height of 280nr¥< fe;case:oi.a'^ec^.<fegj^x^.cios^ the peak height was 
220mV. 

(f) Determination of the minmul xykmm-s ffcdvity me&®&y-t& he detected with the 
Hamilton viscorobot A 

The screening was carried oat wife ^al] vohiines of both substrate and supernatant, 
sines a single MT'P well holds at most 360ui Farther, the mors supernatant added, the more the 
substrate was diluted, and the more the Initial viscosity is reduced. 250nl of 6% oat spelt xylan 
was dispensed unto the wells ofaaMTP. Dilution of a series of a reference xyiaaase 
(A tubigemis xylanase with an activity of6S5,4G0 MO/g, where 1 EXIT -4.53 mole reducing 
sugars fmmfg) were prepared m& 30ul of each dilution was added to the substrate. Alter 
iucobaiion for 24 hours at 50*0, the viscosity of each sample was measured. The lowest 
detectable ;«azyme concentration eorcesponds with S3,6ng/ml or 0.0362 WiWw&Mmm fee 
addition of 200 of supernatant to 300^U snbstrate will enable fee detection of extremely low 
enzyme activities. 

(g) Setting up the -screening for the identification of thermostable emynms, 

in order to pick up only thermostable enzymes from the library and in order to avoid 
inlerierencs Qf hoshA,mger enzymes activity, the pistes with the clones containing the 
thermostable candidate enzymes were subjected to heal treatment The system was validated 
using empty host strains, host strains expressing fonnno-Iabile errzymes and host strains 
expressing thermostable enzymes. Alter growth of the strains and production of enzyrne the 
MTP plates were 'heated at ?2°C for. 30 minutes, Subsequently 2ftnt of supernatant was added to 
3O0ol of 6% oat spelt xylan. Along wllh; negative; controls (addition of 20p! of water), the plates 
containing the samples were sealed wife sdeky tape and incubated at 6CPC in the oven. The hi gh 
temperature may increase my- feermostghie enzyme activity hot destroys both the background, 
host Aniger enzyme imerferfeg activity and fee non-thermostafele eo^me activities expressed 
by the library. Alter 20 hours of incubation, no notable psakheight- decrease was found for the 
thenno-labile xylanase closer, .fe^q^g^^.Jtetrxyl8nase activity has hc^a thoroughly 
hractivated. In addition clones of the feermolabde xylanase enzyme xyoS otAspergiBus niger 
were included as a control. In this case no residual aedviry could he detected, while on the other 
hand the heat resistant xylanase which was feelnded as a control was still active. Heat 
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km&v&tim fotM minutes at TS^C aiid sample lacufeal ion fees of 24 hours or less enabled us to 
specilkally delect thermostable 7. emersonil xyiaoases. 

III. . Screwing of the cDNA expression lifefay mirtg 4e;Haaiito Visco-rohot 
(h) Replication of the cDNA expression library m&0mmi6n of the library. 

One replication cycle involves the two-fold Inoculation of bath selective medium (SM) 
(containing per litre: 0.52g W, i.52g K^HFO^ 0;52g MgS£).<, 20g glucose, lg aeetamide, O.IM 
MES buffer; LSg agar 1 ml of trace ekrnent stdution [trace elements solution (per litre); 2.2g 

mapm* m mo* o^m^mo, ®m ®*wm&, utzcxmsm* w& 

NaMoO/2H 2 0, 5.0g ED I A, pB 6.51 pH 5,5} and liquid growth rnednun (i?M) (containing, per 
litre, ?0g glucose, 2Sg casein hymxuysate, 12.5g yeast extract, lg KiTP0 4 , 0.5g K 2 SCV 2g 
MgS0 4 , 0,03g SaC% 0.02g CaGh, O.Olg MaSO* 0.3g FeS0 4 , pH 5,6). The library was stored in 
standard MTPs, whms sporoiated recombinant Amger colonies grew in each well m SM m the 
presence o|.10% glycerol. Daring storage, these plates (master plates, MPs) were kept la a 

state (~8Q°G), Prior to the replication of the MPs, they were defrosted. bm "'hour in a 
sterilised fume cupboard to avoid microbial contamination Replication of fee MP s was 
performed with fee PSA Flexys-Cnlony Replicator, 5 days-old grown Master Plates were used as 
replication template and replica plated in 96-welled MTPs filled with liquid growth medium 
(GM). freshly foocalated SM agar plates were placed in an Incubator at 32*C and 
subsequently stored at -8CFC after addition of I. SOul of 10% glycerol per welt The GM 
production plates were Incubated in a water-saturated Tomiee Quadrastor Shaker §6000 02*C). 
The plates showed growing Mycelium after 2-3 days. The GM plates were incubated for 6 days. 

(!) Sampling of the sup&matemts after the growth is complete. 

After 6 days of growth, fee remaining GM liquid growth medium (containing 
extracellular expression products) was extracted and nnnsfared into fresh MTPs. The 
snpematanis were transferred Into fresh MTPs using a 4-ehannsl Tecaa plpetdag robot The 
average volume of supernatant reewered was between 120 8rid! 40ul, These supernatant pistes 
were frozen and were sub^eg^entjy assayed for xylanase activity. 

The supernatant plates from the egression library Were defrosted, and placed in a closed. 
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water bath at 72°C:fe: 35-40 mmtim. Using a 12-ehanael pipette and commercial pre-pjsspared 
pipette tips in disposable ^^i>^-jrt,(W^%.%^0tO, 2§p! of each mpemvSmi 
was transferred to the subsiraie-^uiMuxe -9eK^^:MW-:|s^..Ij^ to heated to 60°C befote 
adding the snpernatants,. The substrate p^^^.<^sm^i.M^,l itxakxtoxt of 1% pectin (see (k) 
below) and 7% oat spelt xylaa (see (1) below), with a fetal pH of 4.12. The assay MITs were 
filled -with 3 1 Oral of substrate/well MIxiagvofs^aMaafe with the substrate mixture was 
achieved by stirring the pipette-tips in the sample wells directly after dispensing the supernatant?. 
Subsequently the plates were placed m a bO°C oven for m incubation period of .13-24 hours, 
After the mcub&tioa, the MTPs were aflswd to cool down sad screened for a viscosity decrease 
using the Hamilton viseo-robot (Hamilton Company, Reno, USA). 

(fc) • Preparation of 1 % pectin, pE4J 

A eMc acid-phosphate buffer (Me llvmm buffer) was prepared by adding 0,2M 
Ma^HFQ^ solutiori to 250 ml of 0.1M citric acid solution until a pH of 5,5 Was obtained /This was 
made up to one litre with dstilied water, and the pH was readjusted if necessary. A 0,5% pectin 
solution w^:mad«%-8l^y-aid^it}g 0.5g of highly methylated -pectin (type Ilaban Brn&) to a 
fiasl eontairjing SOmi of the above Mdlvaine buffer and 2SmI distilled water at 60°C . Vigorous 
stirring ensured that the pectin dissolved well This was made up to ,100ml, and the pH checked 
again. The pectin used here lowered the pH of the solution, so under these conditions the 
solntios had a pH of 5.1. IT the pectin solution was cloudy, it was useful to centrifuge the 
solution at 15g for .15 minutes In order to remove any undissolved particles. 

(1) -Preparation of 7% aikdim-ireafsdoat -spelt -jylew, pE 4, L 

20ml of 2M NaOH vm heated up to 6(fC in a 150ml beaker. In a separate beaker ?g of 
oat spelt xylm (from Sigma company) was added to 20ml of water, so that a bright bro wn, 
doughy mass formed. If necessary, more water Was added , but no more than 30 .ml altogether. 
Using a steel spoon, this wat^^ ^r^to:3^^^0#y added to the hot NaOH solution. 
A powerful stirring dev^ia&s i«p^t«;.#^41vs!-^ ^fefe'the hydroxide solution, thereby 
keeping the tempsramre at a steady 6(P€, Ones ail me xjdan tmd dissolved, the solution turned 
dark-brown and resembled a very viscous, clear syrup. rte r«t of tb# water was added so 
that an overall amouot of SOml bad been added. The snMlon was allowed to cool down and 4N 
HO added, until the desired pH was achieved (usually pB 4,1-4,2). The solution was made np io 
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100ml and the p.H teadjtssted. If msema$:.. €&tS$fug^e» :$;20>0(K^iftf If minutes at lifC 
produced a clear yeilo wish .mpto^^^^P® 6 '^^^^ d@persd.ed on tjbse initial amount of oat 
spelt xylan added). 

(ni) 'The screening of the library 

The outcome of the screening of the Talarotnyces mmrsami library cloned into Aniger 
w 1 19 graphs corresponding with the 119 MXPs tested, Each graph -showed the viscosity of 
the 96 wells represented as 96 peaks which measure me oaderpressure pet well in m¥. The 
graphs were analysed for low peaks, which indicated seduced viscosity. .Peaks mat are lower than 
the average peak height were selected for detesting. Some plates produced very little variation, so 
that selection of putative positive clones for isfes&ig was easy. Other plates showed s great 
gjtiddut of variation., hence often more than 5 or 6 putative clones were selected for refestlag. To 
have a positive control, after the incubation Wpi of an eudosyianase was added to a jsisdom 
plate at a fixed posiiioa. From those positive controls, it was found that if there is xylaa&se 
activity, we should expect a peak height between 240 sad 2$0mV* 

The plates of the Tcdarotxyces library which were tested also contained live confirmed 
thermostable xylanase clones which were found before using a dye detecdon assay based on 
solobifisation of dyes winch were chemically attached to die insoluble polymeric substrate. 
'Without exception., those live clones were independently found with fee viscometric assay 
already in the primary screening round. Ail peaks for the known clones were on a level much 
lower &an the- rest of the peaks (at 250m V), Overall, US culture wells were selected for 
rebsimg, excfodiog those with previously found xyknase clones . 

(a) Re-testing of J 18 putative clems, 

Retesting was based on the viseometrie assay according to the prinelplo used with the 
full-scale screening. This time, however^ a greater assay volume was utilised, since a clearer 
distinction between thermostable enzyme aetrvity and Irreguiar low peaks could he made. T wo 
large MIPs (2ml/well) were filled with L2ml of 5% mi spelt xylan. To the first two wells of 
each row SOpi of water was added {negative control). To the last well of each row, SOpd of an 
reference endoxyiauase solution was added in order to have a positive control, too. Weils 3 to I I. 
of cash row were used.ifcf .^^^M^^m^l^^'^km^ (Edition of SOul 
supepatant). After mixing and incubation for 24 hours at 60*0, the viscosities were- measnred 
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with a specifically designed. Mi^f^ff^^^M^^toe: 800^1, Aspiration velocity: 
iOseehni). 

Several positive clones wow identi&d since their jjeato were exactly oa the same level as 
the positive controls, indicating cbmplete degradation .#xylm%.lp^.iBri^j*pl^^ strains 
were identified m the ^Q0m^-t^^ : fb^'tSMk-kisss^ were directly cloned in fee pCR2.1 
vector via PCR anipHftc&fien executed on ckomosomal J3NA. From 12 library strains sixteen 
cDNA inserts were obtained using pwo-poiyrnerase and primer set 2 (1 1.937/1 2207, 8BQ ID 
Hos. 7 and S). Hie orientate of fee e,DHA inseit hi fee pCR2.i vector was determined by 3£hoI 
digestion, which was located in fee vector and at fee 3' ofths cDKA. DMA sequence analysis 
Was executed on the 5 ! end of fee cDMA inserts. 

The retssting mr possible pectin degrading enzymes was performed m a similar fashion 
as for the xyknase, except that 1% pectin was used Instead of 9% oat spelt xylan. Only ten 
possible clones were xetested, which were those tba* produced very low peaks in fee primary 
seteepiog tpnnd bni did not show any activity during fee xyisnass retesHng, Reprodueibly one 
clone produced a pectin-degrading emcyme. The .measured pressure value of 2Q0J&V corresponds 
to fee viscosity of pure water . Since the pectin, used was not fully niefeykted, ifemght have been 
degraded by a thermostable polygalacturonase, peetaie lyase or peetla lyase, 

(o) Benefits ofVisms&em 

The development of a risconietrie screening method to identify thermostable enzymes 
was facilitated by three key factors. Firstly, the possibility of thermo-inaetivation of na&ve host- 
xylanase activity allowed a much fester development of appropriate reaction conditions. 
Secondly, fee tact that when clones with known thennodabile enxymes were tested the 
thernioiuaetivaiion destroyed all activity so feat only fee more thermostable enzymes were 
picked up. In the third place the elevated temperatures increased fee enzymatic activities so that 
the screen became even more sensitive. On Oat Spelt Xylan (Sigma) eleven, clones were 
identified which were able to .r^a^-;i«pe0^.-a^|c»Rtly and on pectin one definite pectin- 
degrading clone was identified •4^^^1y ? . : fiye'tesa^^fe3^to?se clones which were 
previously identified were independently ^discovered. 
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Bxmx A ^ixgerkmshmmt 

Activity assays and definitions 

Cellulate PAHBAH IMt (CPU) ifofimtm 

0.oe unit ofcelmiase activity is defined as the amount of enzyme required to release one 
uinoi reducing sugars produced per mlaute at pH 5.0 and. 60 o C at a substrate concentration, of $% 
C&rhmy Methyl Cellulose (CMC), using a. calibration curve of glucose. 

Enzyme activity according to the CPU method was measured by detecting reducing 
sugars using 4-nydroxyhcamlc acid hydrazine (PAHBAH). The assay is based on Lever., 
M/Powell, J.C., Kppi ML, Small, C.W. ^^ I L^ QmMMM* (HM55 with some 
modifications, .The modiflemiou is to the 'PAHBAH reagent as follows : 0.05 MMsodium 
citrate, 0.1 MMSjS% 0.02M CaC% (15M NaOH aod 0.1 M p-hy<!rox.yb«B2»ic add hydride 
(PAEBAH).- Final p.H was 12, Tbe reagent containing PAHBAH in aBcalme solution, stored at 
room temperature, should be used within one day. Glucose was used as the reference seducing 
sugar f calibration curve). For the calibration curve of this assay, the linal concentrations of- 
glucose were between 0-3 00 mb-t The CPU activity was assayed by mixing. 100 a! of enzyme 
solutidft with. 400 pi of 5% CMC in 0.1 M sodium acetate buffer (pH 5.0). Eppendorf cup with 
the substrate (CMC) were preincubated lor S minutes at 60*C. The reaction was started by 
adding the enzyme solution. After ,! S minutes the reaction was stopped by adding 1 ,0 nil 
PAHBAH-reagsttt The Eppandarfcups were heated for 5 minutes at U)0' 5 C and then cooled on 
ice. Samples were eentrifuged at the appropriate speed in order to spin dowa any solid materials 
(I minute at lull speed in a Beckmaa Microfage E);, The absorbaace was measured at 420 ma. 
A blank was prepared by Mdiag 160 ul 0 JM sodium aeehne buffer instead of enzyme solution. 

Beta Ghicmiase Unit 0QU) definition 

Beta Gmcansse Unit is the activity required to Mberate 0.2SS gmol reducing sugars 
(measured as glucose equivalents) per mmure^ at pH 3,5 and 40°C j at a substrate eencemiation of 
0.5% S-gineaa from barley. 



So to addition to the ^^^^tH^ps,of : c^i^^{CFtl)-:activlty > a more specific 
assay was earned out for deteefeg B-gkcaiJass asiiyity. The prmoipfe of the assay is the 
velocity at which, the viscosity decreasus of a Mtt of barley £--gluean medium viscosity 
(Megpwum, AustmEa, 111 I f^mi^f^m^iW^^^^W.ZWl). upon -addition of a. 
certain amoiroi of ermyme. B^^.0^3!S^,medlm;Y&c^fy {Mega^mae Australia), was 
dissolved la 0.425M sodium citrate buffer pH 15 to a eoneenhution of 625zmiml The 
substrate was incubated at 40°C for 10 minutes. Subsequently a small amount of snxyme (in the 
range 0.005-0.062 Onus/ml) was added and the reaction allowed to proceed- At 60 minutes 
reaction txme-the viscosity of the sample was determined relative to a reference sample which 
was incubated wife a standard e.ado»-glueanase of known enzymatic activity., Absolute activities 
for fee standard were determined by a reducing sugar method using Fe~ni~h.exasyanide and 4.78 
rdg/hu barley S-gluean as initial substrate concentration- 

Deftnittori of EMo Xylatme UnitfSMJ) 

The uniiof xylsuase activity (EXIT) is defined as fee amount of enzyme (ehdol erido- l 5 4~p- 
^ylatss^sfeom M$p> niger.m decribed in EP-A-0,463,706 (Gist-brocades :B.V,)f^ 
4,S3|MM)l reducing sugars (measured as xylose equivalents) per minute under assay conditions, 
"lite assay conditions comprise: Smg/roi arabiuoxylau irom wheat flour (Megazyroe, Australia, 
2/1 1 l*ouderosa Parade, .Wards wood HSW 2dol) la lOOmM sodium citrate huf% (pH 3.5), 
temsemture 40°C, at a reaction time of 60 mnruies. Reactions were stopped by adding 1 M . 
NaOH, Detection was done colorimetxically at 420um. ate incubating the samples with Bs-III~ 
hexaeysui.de for 15 minutes in boiling water. The hexacyaooferate reagent was made up by 
dissolving Li7gKFa(€N) and 19.5g.-a»hydro«s sodium carbonate In I Hire of water .. 

In addition to the above absolute determination of xylanase activity, a relative method 
was used that followed the decrease in viscosity of a solution, of wheat arablrioxy lan (Megazyroe, 
Australia, 2/1 1 Ponderosn Parade/Warrlewood NSW 21111) noon addition of a certain amount of 
enzyme. Wheat arabinDxyiaa was dissolved In 0.425M sodimn citrate buffor (pH 3.3) to u 
concentration of 8,3m.g/xuL The anbetraie was menhated at SS^C for 10 nannies. Subsequently a 
small amount of enswme (in the range 0.01 »0,05 IMis/ml) was added aad the reaction allowed to 
proceed. After 60 minutes reactba ttess'^'^feaKKatj? of the sample was detartumed rdativo to a 
reference ■which was incubated with a A0et^iIlmmger endo~3iyhms.se standard ox kaown E-XU 
activity (EP-A~O S 403,7O§), Absolute aetivifiea^ the standard were determined by 
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reducing sugar method asiag Fs-lli^mMcjwtim as §mmb&$ abote, Viscosity was determined 
maaualiy using a Haaks falling ball viscosity apparatus. 

Definition qfCdiuksm Unit (CXU) 

The vmt of beta--g!ueauase activity pGli)ia defined as the amount of osiiulase feat 
hydrolyses ia one hour a munher of glycosides bonds equivalent to fee production of 0.5 mg 
glucose under the conditions of the assay. The assay conditions comprise : Stag/mi 
carboxyni§fey!caIInloso in SmM sodiorn acetate, buffet vpfr4.6), temperate 37°C, Liberated 
gl.ux.ose was detenmned by reducing sugar method using t&e DNS reagent 

In addition to fee above absolute determination of eellulase activity, a relative method 
was used that followed the decrease m viscosity of a solution of carboxymeihyieellulose upon 
addition: of a oettam amoimt of enzyme, Csrboxyw&yleeiiulose was dissolved in SmM sodium 
citrate buSer (pH~4.d) to a. concentration that depends 00 the viscosity of fee batch, The 
substrate was Incubated at 3TC for l&mir&des. SubseqxseoUy & small amoam of ens^ms was 
added and the reaction allowed to proceed. After 60 minutes reaction time the viscosity of the 
sample was determined relative to a reference which was incubated with a standard of kno wn 
CXU activity. 

Activity 'm>rt p.H 

The Zemersonli B-glncaaase was produced by the appropriate A.niger iransiormant(s} fa 
shaiellasks as described in Example 3 alter growth mycelium was removed by filtration. The 
filtrate was used for this experiment The activity of the fihxaia was measured -at different pH 
values at a fixed temperature of 60°C. The activity was measured according to CPU method,- 
Instead of using the fixed pH of pH S.O,.lfes'.CMC : jSubsfeate was diluted with a citrate buffer of 
fee appropriate pH in order to obtain the pH of meastuement. The experiment was repeated 
twice and fee results are shown below in Table 1 < Tte optimal pH of fee emwme was ibuad to 
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I pH 


activity (pM glucose/15 rn 
{(kjolicate measure 


unites) M W€ 
;moats} 


3 ■ 


27.2 


27.7 




66.6 




4 


1093 


m $ 


4.5 


133.8 


IMS 




121,3 


m.s 


5.5 


" m.4 


107.4 




68.7 


69.3 



Activity wrt temperature 



The. activity of this B-gtucanase mi then measured at differenitetJ^atees. Activity 
measui^ui^hs were carried out according to the CPU mettiod at pH 40. lasted o£ |s#l3al|sg ,ai 
a Sxeo* temperature of 60 <1 C ; the incubations were performed at various tcaapsratures. The 
e:q?erimeaf was performed twice and: the msnits are showa below hi Table 2. The terixperature 
opdnnun was fonad to be between 80 B C and $5X1. The seems to be M about 14°C (aMmugh 
it caa be 82 t5 C s &3 4> € or 8S°C. depending on how the Hues are drawn and interpolated between 
points). : ■ ■. 



Table 2: Temperature prorlle at pK 4 



Temperature 

^ - 


activity (pM glwcose/l 5 minutes): • 
(duplicate measurements) 




87.8 


102.1 


= I~= 


= 50.4 


154.6 




208.5 


213,1 


90 


185.4 


im4 J 



Activity wrt other enzymes 

hi addition the activity at:30«6S°£ was measured using the BGIJ method for the 
B -glneanase and compared with a commereMIy available T<r&wei ceil tree broth having celhaase 
and glucauase activity as a reference. $mesm ceil fee hroih consisted of a mixture of different 
enzymes among which, are one or more 6-glueaaases hut where these acti vities have not been 
characterized. For comparing the aedvities^^ of the invention and 

Zre&wi ee!li4.ases/ghieana«8 s the enzymes were dosed at about equal activity at 40 S5 C, The 
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activity of T. emms&nilB^m^mmAM4(P€ was sat fc one and so other activities are relative to 
this. The results are showa M0W'&Ta$fe ; 3 : «, 



Table 3: relative activity vat T. m?sel enzymes 



Temperature (T) 


ialaove Activity:. 
8-giucaaase (CEA) 


Relative Activity: 
T. reessi Ceiluiases/glceartases 




0-50 


0,44 


-, o - 


LOO 


1-13 


50 


B? 


rz_s = 


60 


2.40 


1,59 | 



At temperatures above 40°C the Zmesei cefiulase/glucauase activity started to level off 
when compared to the t^mcrsmn B-ghteauase. Above 40*C the sctivlfys diverged, CEA being 
mors active, Also, while relative activity was higher at elevated, temperaaires.. at moderate 
temperatures activity was araiaiaittsd relative to the T. r&sei mixture This illustrates the wide 
tehaperature ruage over which the o-giuesaase is active, 

Pwiftmiim and Specific Activity 

Purification of the T.ermrsonii B-glucanase started from the fil trate. About 25 mi cell See 
broth was desalted with a PD 1 0 column and placed on a iesodtce Q $ ml anioh exchange column 
which was equilibrated in 10 raM: sotliuni acetate burl?? (pH 5,0). Eiutiou was carried out with a 
linear gradient from 10-300 mM sodium acetate buffer (pB 5,0), (Linear gradient A to B; flow 
.rate: 6 aU/mia ; rtva time; 54 mm; wavelength momtor: 280 jbb, 254 ma, 21.4 atn). Active 
fractions were collected (20 ail), concentrated with Microsep concentrators (3.5 .nil, 10 K.) and 
washed twice with 0.1 M sodi^pfe^pfefe^Nfe^- lfi). The purity of the fractions was 
analyzed by HFL-SEC (sise excises. ^EO£Q^>gE#hy} aod S0S-PAGE. 

Specific activity meiiswemems 

The calculated molar extinction coefficient of the S»gkcaaase at 280 ma Is 81 550 
M* lenr . The protein eoaoeatrstion of the purified enzyase was derived from E280 
measaremorhs using a specific absorpfios of B280 s - ^2 33 for Imguul. The specific activity of 
the purified saruple was deteraaaed ia B<Mi (substrate: barley be^a-giucau) and was 102? 
BOli/mg, Using me CPO method the specific activity was 628 unns/mg. As the activity 



m 

according to the yiscosimebie with, the reducing 

sugar method. It was soaelndsd mat the T,€m&mm%~gh^ssm& s^Mts significant 
eraio-gkicaoase activity., A i^^m^v^mm^^M ^mfmm very well m a reducing sugar 
assay while performing very badly m the viscosimshic assay, 

Isa-EJecinc Point 

lEF-PAG'E was primed as follows* Equipment was fee Fhast system (Pharmacia 
Biotech).. £EF 3-9 PhastG-el (Pharmacia .Biotech). Gds were rim aud stained (Goornasslo) 
according to standard Phast system methods. The iso-F.fccirie Point was detemaued oa PhastGel. 
IEF3-9 and tamed ont to be 3.3 . 

Moteeufcsr Weighs Determination 

J&S-PAGE was performed as Mows. Equipment was again the Phasi ^Msm 
> (PhaBnada Biotech); 12.5% faooogfcMg* (Pharmacia Biotech); SDS-fenfe strips 
(Pharmacia Bioteeh). Sample treatment: osse volume 0 samples) buffer (SOOmM Tris-HCl pH 
6. 8, 10% SDS, 0.1% Bn>rno-pherioi Mae) w mixed with 4 yolnmes of sample and boiled tot 
3 .ummtss. Gels were srua and stained (Coomassie) according to standard Blast system, taemods. 
HPLC-spe exclusion chromatography was carried out using Column: TSK. G3000SW'., cat no. 
05103 (TosoHaas), Method: etacats were: 0.1 M Sodium phosphate buffer pH ?.% Flow rate: 
Iml/rtan, Rim time; 30 mim Wavelength monitor: 280 am. Degiycosylatioo of the eo.xyme; mis 
5ul purified empm (7 rognni) with 20 ul 0.5% BBS and 25 ul 1% Bmsercspteemanol This 
mixture was boiled ibr 4 miautes. After cooling down. 20 pi H-glyoosidase F (500 U/ml) and 
20 pi 3% Triton X- -.100 in 1 M sodium phosphate buSer pH 7,0 were added. This was incubated 
overnight aad die deglycoxylation analysed with SDS--PAGE. 

The molecular weigh! determined on iPS~PA8E gel and HP-SEC turned out to be 
43 kDa. After deglycosylauoB on SDS-PAGE a straight band was sees at 3? kDa. 

Thermostability 

ISO thermx>stahSity was dclermlaedw^ as a 

reference. T50 Is the teoxpesature «t 3wMch, : a£tsr 20 aaimte-of inci&atioB, 50% of the activity Is 
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Mi, Table 4 shows the dUhmmm m TSO thiamosfeiaS^ between ft m pmiBM 8-glncarmse from 
T< emsrsmii and tfeeZ remi. cdMrno/ghxcmmm mixture used earlier in this Example (initial : 
activity was set to one: the mzyxms were mcyiated for 20 mmutes and after cooling activity 
was measure;! using the CPU method), Each experiment ws repeated twice and so Table 4 
shows duplicate m&mmmmt&s The TSO-^nsc^ill^.cl'^ pmitied B-glueanase lies around 
93,4*0 and fee T50 thermostability offim-set odktlase / gkteanases around 64.9®(X 



Table 4: thermostability wri T. reesei enzymes 



| Temperature 


Residual Activity (%} 
7', rseses celhiUiss^giucanases 


Residual Activity (%) \ 
S-gluoatias® (CEA) j 


j 40 


97 J 98 




i 5:0 


96 


100 


100 j 99 | 


r 60 




m 


100 | 99 . | 


I , ? o 


14 


14 


m 95 i 


| 75 


o 


0 


93 


96 | 


| SO 


0 


0 


: 88 


90 | 


| 85 


0 


0 


89 


94. 5 


I 90 


0 


0 


65 


64 \ 


1 110 






0 


" " 0" . 1 



Example Activity Measurements 

The two library sfarams which were identified in the visa>screen in. Example 6 S using Oat 
Bpelt Xylan as a substrate, were fetmeoted in shake flasks using the OM medium (the original 
strains .were labelled AD009.21 and AD0J I .31 ). M addition the strata labelled 
(€EA) was iaoiuded which was identified in Examples 4 and 5 to express B-gmcanase activity, 
'Several assays were peribrmed and die results are show below. Surprisingly steins AD00.9.2I 
and AD01 1.31 showed little Kylaaase activity. Instead it seems that AD009.21 and AD01 1 .31 
have eeEulase activity even though the clones were identified in the vlseosoreamng using oat 
spelt xyiau. In particular g 13009.21 h y^ : :m$y&;m bsrisy |3~ghjca». 
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Xl!?i5j.L§^M' 8 ^ f!S ^ ; fermentation of eglfeiase sonins; 



Strafe (md glucanase designation) 


nxy/mi - 


BGU/ml 


CXD/m 
l 


ADQ21M6 (CEA) 


< 10 




™_ 


AD009.2I (CEB) 


— 




254 


ADO! 1.31 (CEC) 


< 10 


< !0 





The detection limits were set to below 10 for foe EXIT sad BOU assays, and 5 forth® 
CXD assay. 

The JDNA analysis <m stems AD 009,21 aad AD On 31 (as described earlier in Example 
6) showed two new fi-glucaaases, cdled CEB md CEC, The nucleotide sequences of t&e eodkg 
regions are: SEQ ID Hos. 3 and 5 and correspoadiag amino acid sequences are SEQ IB Nes, 4 
gad 4 respectively. 

The CEB stmi n shows high S~giucauase activity. The CEA strain shows a relative high 
odlilase activity: in comparison with the CEB steak. The ratio between the S-glueasase asivity 
and the eelklase activity is different for CEA and CEB. The CEC strata showed eelklase 
aedviiy hoiks B-gloeanase or xlyaaase activity was below knits of detection in these assays, 
However, homology studies strongly suggest 0-g!ucausse activity, and it-is 'thought that this may 
be much higher at different pH's. 

Using more than one substrate for the soreening is feasible. Surprisingly it turned out that 
instead of two substrates at a. time, three dSent substrates could be used k the viseosereen. One 
of the substrates was a glucose polymer impurity, likely ghtcaa or eellniose material. It was; 
shown that the use of oat spelt xylan, peetk and cellulose like material resulted la the 
identifieatloa of three types of enxymes. xylauasos, pscfeases and ceilolases in one round of 
screening. The viscomsuie ass^-kjlds^'oSi^-^^-advaafejge with respect to the common 
dye detection assay. The dye detection assay bases on dyes chemically linked to a substrate. This 
kind of substrate is &mm^Mlt,^^M9'l^r- mf& .&.few eompsands. The viscometric assay, 
however, can work with any type of viscous substrate, even natural ones thai do not require any 
chemical ptw-teestxnent, litis aspect is of importance as, from a commercial and industrial point 
of view, one can screen tor emayme activities on substrates whose viscosi ty-decrease {I.e. trait 



S3 

juices) or viscesity-mcrease (i.e. dairy products) is of commercial importance. 

Exampls 9: Baking performance of the Taiarmmm s mwrmmi endogiaea oase (CEC) 

Preparation of tin bread s saadaf d feakmg poeess was performed by mixing 3500g 
•wheat Sour (a mix of 80% IColibri and 20% Ibis wheat flours (Meaeba, Holland) at about 2l°C)> 
77g compressed (Korrings) yeast, ?0g salt, 23pprn ascorbic acid, lOppm fungal a~amykse 
Fennlxyme^P,,^ (DSM H.V,, Bakery Ingredients, 'Delft, The Ne&erfaads) and different , 
quantities of the eridogiucana.se CEC eaayme (from 4 different clones, identified by their AD 
ppmber) mi 203OasL water (8-1 5*C) in a spiral mixer (Motet) for 2 minutes (si speed 1) and 
for about 6 minutes (at speed 2) to pot in l25Wh (Watt-hours) of energy . The dough temperature 
wm 28°C. MacMneahility of the dough was analysed by hand by a qualified baker. 

Directly after mixing the dough was di vided into 6 pieces each of 875g s rounded and 
proofed tor 35 laiautes in a proofing cabinet at 34°C and S5% RB (relative .humidity). At the end 
of this period the doughs we shaped and patted and giYenafina! proof of 75 minutes in a 
proofing cabinet at 38*C and W7% EH. Afterwards the Miy proofed doughs were baked in at), 
eleetrie oven at 210*0 for. 30 minutes. After cooling to room temperature f he volumes of the 
loaves of bread were determined by the rape seed displacement method. After i #-24 hours: 
storage in sealed polyethylene bags at room temperature the crumb quality was assessed by a 
qiraliied' baker. Four library steins which were identified to express CEC were fermented ia 
shake flasks and tested in this baking test. The results are shown hi the Tables below. 



Dosage level of 1 Loaf volume 
CEC AD 011,31 I 
| (CXU/ks flour) |(mL) (%) 


Dough handling ■ j Crumb 
| quality 
| (scale 0~?) 


| 0 i 4105 
56 4357 
189 | 42S9 


100 

m 

104 


easy, not sticky ] 6 
easier, not sticky 6 
easier, some stickiness j 6.5 



Dosage level of f Loaf volnme 


Dough ..handling 


Crumb 


CEC AD 046O.21 1 • : 






quality 


(CXU/kg flour) | (mL) < 


;%) 




(scale 0~-7) 


0: I 4103 


100 


easyy hot sticky 


6 


SO 1 4427 


108 - 


easier, sot sticky 


6 


m \ 4419 


108 -i 


easier, some stickiness 


6 
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{ Dosage level of 
1 CBCAD05O.U 
{ (CXUV'kg floor) 


Loaf volume 
(mL) {%) 


Bough handling 


Crunib 
quality 
(scale 0-7) 


0 

1 .56 
| 189 


4105 
4622 


100 

tog 

113 


easy, :noi. sticky 
easier, sot sticky 
easier, not sticky 


6 

5.5 
6 




S>o$age level of 
CEC AD 07S.50 
(CXUTkg flour) 


Loaf voltafee 
(ml) (%) 


Dough handling 


Crumb J 
quality 
(scale 0-7) J 


0 
56 

m 


4105 
4450 


100 
108 
111 


easy, not sticky 
easier, not sticky 
easier some stickiness 


6 

55 

6 1 



The quality of the doughs was very good. At fee higher dosing for endoglneanase CEC 
there was: a little stickiness experienced during handling of fee dough. However this little 
stickiness did not k&uence fee doughs machiMahdity. All doughs containing endogincanas© 
CSC were very supple and easy to handle. 

From these baking results it was concluded that sndoglueanase CEC is very eSbstive m 
improvmg hmad quahly, both in terms of loaf volume and in terms of crumb quality. Despite the 
large volumes of the loaves fee cromb structure was still very regular and fine. 

Example 10: Comparison orbakiug porformaTice of the 1'aiaramyces e^en-onii <.mzyxz-<i (CEC) 
with c&doxylan^^ 

The baking performance of CEC was compared m Dutch tin bread production with a 
onrxentiy used fungal e&doglueaaase from Aspergillus niger. This A niger endogiucanase was 
supplied in its pure commercially available form, i.e. Fennizyme™ HS^. 

The exact procedure of Example 9 was repeated except different quantities of either fee 
endogiucanase CEC or Fem^.izyme m HS 2 ^ e vyeie nsed. 



| E;nzyroe 
1 


Dosage 

level 
(CXU/kg 
dour? 


Loaf 
volume 

(mL) (%} 


Dough handling 


Crumb quality 
(scaled-?)' 


| endogiucanase 
j CEC 050.13 

I 


0 


4105 { 100" 


Good, not sticky 


=i=J 


**■ 


4432 ! im 


Supple* not sticky 




189 


46221 113 


Supple, not sticky 


6 | 
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| Femn&yme'* M 


Dosage 
level 

flour) 


Loaf 
volume 

(mL) (%} 


Bougb hapdlmg | Cxxsmb quality | 
| (scale 0-7) j 


g 




Good, not sticky j 6 


527 
_.„........., 


4361 | 106 


Supple, not sticky j 6 




4535 i 110 


Supple, bit sticky J 7 j 



From the results It is clear th&ttfce cn<logmoaaase CEC Improved loaf volume to a larger 
extent than obtained by introducing .-Femu^yr^^ Whm* Moreover, Jess endogiucaaase units/kg 
flour were needed to reach a certain level m ioaf yolmtio whea CEC was used instead of 



Examp.le.il 

A eomp&riaou of some of me molecular and biochemical properties of the three- giacases is 
provided in the Tables below. 







tsajgth 
resMaes) 


Activity 


Famih'-No'i* pJptaKHm 1 pi 
! PH 


Gpffcn 
TS&ine 


Cc-A 


(37kDa) 


333 


3.2.L4 

(sadogluesa^s) 


5 &J3straci«r«$ | 4J i 3.3 
h&mf) j 




2. GBB 
CEC " ™ 




414 


3.2.1.4 


1 (3D stmctos: j 1 4.2 
,-tcih | 




:25kDa* 


222— 


(etnlogliicaasss) 


4$ (3D 4,8 
stractare; j 
mixsd B-barrs!) |' 




* Based on glycoside hydro 


ase (CAZy) < 


.iassiEeatk>n 



■f Predicted feom amino acid sequence 



! Olueanase/ \ Family 
! Celiulase j 


Known 
Activities 


Known Activitas I Conclusion 


| CEA 


5 


EC 3.2.1.4 
EC- 3.2.1,75 
EC 3,2.1.58 
EC 3*2.1.78 
EC 3,2.1,123 


celtatese \ BGU/OEU activity 
eado 1,6 giueauase 

em 1,3 glpcmxase | Considered ladifcety 
taan&saass 

eadoglycoceramiiiase j 


| CEB 


? 


EC 3.2.1.4 | ceiMass j B0C/CXU activity 
EG 3,2.1 Jl Csellnblobydroiase j considered unlikely 


| CEC 

L« v> 




EC 3.2.1.4 


celMase j BCRJ/'CXC activity bat at 
} diffcreat pH from that tested 
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Gluc&nase/ 
Ceilolase 


Family 


3D" 


NuckopMle/ 
Proton Ooasr 


Mechanism 


CEA 


5 


TIM 8 


giu/gk; 


, — — 

retsumig 


~~ CRN 


7 


jelly roll 


giu/aiu 


retaioinp 


CEC 


45 


mixed barrel 




inverting 




u 


jelly roll 




retaining 



CEB 5 CEC are all eelkdases that exhibit BE 3,2. L4 activity. Many cslMases can also 
hydrolyso l s <1 bonds m b&dey -0%omvMGkm&£s them particularly useMfor certain; 
applications such as e.g. eliminating anti-nntritioisal feetors in feed. As activity was measured 
Yk tlie viscosity assay it is likely that the ceihdase exhibited endo acti vity. It cannot be e^inded 
towwlto also 1,3 iiakages are hydrolysed. Hence, on the observations, EC 3,2.1,73, 3,2.1.39 
and 3 .2, activities eaanot bo rated out even though these activities are found in fiatsily if: the 
characteristes of faadliss ? &u4 16 seem rather similar. 

Purei M explanation,, celidases (EC 3. 2 J .4) are asually able to catalyse the eitdo hydrolysis 
of is4-D-giucosidic linkage in eelmlose. The systematic- name of eeilolases: is 1,4^(2 ,3; l s 4)«0~ 
glocan. 4vglucat)ohydrolase, Endo-I^-D-glncanase and endogluc-anase D are synonyms of 
l,4^l f 3;i f 4}^D~glm;^ 4-glucanohydrolase, Celfulase may also hydrolyse 1,4- linkage? ia »D- 
gfeeaas eontalniag also 1,3 linkages, which makes them particularly m&M for eertaln 
applications mch m e-g> elOTsnaimg airfi^airitional factors in feed. Such mzyxxm which exhibit 
endo-glasanass activity ays referred to in general as giaeanaxes. In addition hydroiyis of gkscaa 
can be aehlvsd- by Hohenas'e (l,3~Ij44>giuean gineanohydrolase (EC 3.2. 1 .73)) and 
md©4,3<4>giucaaase (l3^I,3;l,4>D-giumf{4}gi«OT.ohydrol8so (EC 3,2.1,6)). 

A review of celMase activities is shown In the table below. 



EC 

axtsaber 


Activity 


Systematic Name 


Recommended 


Syaonyra 1 


3.2.1.4 


Eadol%drDrysisof 
liakagss In <^llnlase. 

Wili also hydrolysis 
l s 441nkagesffiiD- 
ghsaaas also containing 
i ,3 linkages. 


1,4-0,3;! ,4)^D- 
gsucan 4~ 
giacanohydrolass 


c-eiiuksc 


"iodo--L4-.p-.D^ 
gisicaxiass \ 
snccglaean&se D 
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3.2J.73 


Hydrolysis 

imkagos m p~D*glu«aas 

beads. Acts m. Mdhsida 

p --D-giaaar ( s, hut sot ok 
|5~.D~.gliioa!is obtaining 
only 13 or paly 1,4 
bomte. 


giocanohydrofee 






3,2,1,39 


Hydrolysis 1,3 

Limited activity o» 
mixed 

(U-L4) jS-D-gtocMs 


1,3-S-D-gioeaa 


glucosidase 


eadol/3 jM>~ | 

gfocaaass 

P 1,3 gteiase 

Qligo 1,3 giueossdass | 

1 


3.2.1.58 


Swscessve hydrolysis of 
p4>-gI«.c.os8 xmiis from 
the aoa^reduciageads of 

releasing oglucosa 






— ™. — .„ — — _ — „™ — ^ 

l 


3.2.1.73 


Riiodom hydrolysis of 
l,6Hnk»ge»in 
1^0^teidW. 
acts M ivtms, pusteim, 
IjS-oliso-fi-D-gkicosidss 






<mdo«-P»L^hicaaaa« 
p-l^-giospfeydroiass 


3.2.1.6 


Esdohydrdysis of 1,3 or : 
1,4 linkages mp* 
gluoans ■ whoa fas giucosa . 
residue whose reducing 
group is savolved ia ifc? 
Bakase to ho hydrolvsal 
b.ltsdf substituted 

B*g3«eaas, femhs&rm. 


l>(l,3jl 9 4)-p-l> 

giuean3<4) 

giuo&aoay^roi&wi 




hsta-!,3~l,4-gUics#$s j 
eado-|s 5 l i 3(4> | 


3.21,91 


Hydrolysis of 

1 ,4-p -D~glooosidic 

liaka?«s ia ceRakssfi and 

cslfohiose .from the ooa~ 
reduc&igosid ; : 




c&Mtm iM- 

coiiofelosidase 

■: 

■ : 


oxogkcao&ss ] 

cellohsohydrolasa : j 

exo-cellobiohydrolase 1 
J 
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CLAIMS 

1 , A polypeptide which m&§^mmm^}0w^MQ&mii a fangas.of the genus 
TaIaromycss } such as the fungus Takmmyms emers&m^hmmg the activity EC 3.2,1.4 
(endogiucanase activity), 

2. A polypeptide according to claim 1 which has: 

a. as qpthntun -pH below 5,4; or 

b, ®x optimum toBipefatore of at least 80* €, such m from 83 to 8?*C. 

3 . A fi-giuesaase polypeptide snch as according to claim 1 or 2. comprising: 

(i) the amino acid seq-aeft.ee of SEQ II) No. 2, 4 or 6; or 

(ii) a variant of (0 which is capable of ole&ying JlHD-gioeam or 

(Hi) a fragment of (i) or (ii) which is capable of cleaving S-D-glucaa. 

4, A polypeptide according to claim 1 waetein the vmsaA (ii) has M least 70%, 75%, S0% 
or 85% identity to the amiao acid sequence of SEQ ID No. 2, 4 or § and/or the fragment of pi) is 
at least 150 ammo acids m length, 

& A polypeptide according to claim I or 2 which cleaves (I ~»3), (I ~»4) amd/or (1-4^) 
irnkages in B-D-gluean, 

6. A polynucleotide comprising: 

(a) the -nucleic acid sequence of SEQ 10 No, 1 , 3 or 5 or a sequence encoding a 
polypeptide according to any preceding claim; 

(b) a sequence which Is complementary to, or which hybridises to, a sequence as defined 
in (a); 

(c) a fragment of a sequence in (a) or (b); 

(a) a sequence having at tot 60% identity to a sequence as defined in (a), (b) 
or to): or 

(e) a sequence that is degenerate as a result of ise genetic code to any one of the sequences 
as defined io. (a) to (d). 

?. A sequence accordinf to claim " wherein in (l) the hybridisation Is under stringent 
conditions, the .fragment l^.;(c| is -#l9a#20 : :l^s^ wi^^. : ai^/«r the identity hi (d) is at least 
70% or 80%, 

8. A polynucleotide according 10 eMm 7 which comprises; 
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(a) a seepsace that encodes a 'p}lyp&$M& hmu^fi~^umm& activity, which is; 

(1) the sodmg seqiience of SEQiO Mo* L 3 or 5; 

(2) a sequence which hybridises selectively to the .teomplemmt of sequence defined in 
(I); or 

(3) a sequence that Is dsgeumfe as a result of the genetic code with respect to a 
sequence defined M (1) w (?£.&■ 

(b) a sequenne complementary to a pai^mclefAide defined in (a). 

9. A polynucleotide 'according, to my of claims 6" to S which is a DMA sequence, 

i 0, A vector comprising a polynucleotide sequence according to aay one of claims 6 to 9. 

11. A vector according to claim 1 0 which, is an expression vector, such as where a DMA 
sequence according to claim 9 is opemnly linked to a regulatory sequence. 

12. A host cell which comprises, as a heterologous sequence, a polynucleotide according: 
to any of etairns 6 to 9, 

13 < A host ceil which expresses,, as a heterologous protein, a polypeptide according to any 
of claims 1 to 5. 

14, A host cell tosforasad with the DMA sequence of claim 8 m a yestorof claim 10, 

15, A process of producing a polypeptide according to any of claims i: to 5, the process 
comprising eultoring a host cell as defined in any of claims 12 to 1 4 under conditions that 
provide for expression of the poly peptide. 

16, A pharmaceutical, denial, veterinary or detergent composition comprising a 
polypeptide according to say of claims I to I and a pharmaseeiieaiiy, dentally,- Yetertoarily or 
detergent acceptable carrier. 

17, lire use of a polypeptide accenting to any of claims ! to 5 for the taaaufaetvae of a 
rnediearneni for treating hyperlipemia and/or high scrum cholesterol and triglyceride levels in an 
indi vidual or a disorder resulting therefrom, 

18, A method of treating a subject for hypedipemia and/or high semm cholesterol and 
triglyceride lavefe in an individual or a disorder resulting therefrom comprising admhiistering to 
the subject polypeptide &8®s0tog : &&$- $£$$0 I to 3. 

19, A method of Beatifying a^^ B-gkseanase activity, the method 
comprising corn-acting a polvpeptlde according to any of claims 1 or S with a lest compound and 
monitoring for B-glueaoase activity, [ .... v 

20, A composition comprising a polypeptide according to any one of claims 1 to 5, 



21. A composition a«wjtiiag , -to--tli^' , 20 , : vjfetc& &jther comprises a polypeptide having 
ceMase, endo-arahmamse^^ 

22. A method of teatiag plant asaterial, the m^^\eo»^^.«(mj^tiag.tlie.plaat 
m#erM with, a polypeptide according to any one of claims I to 5 or* composition according to 
claim 20 or claim 21, 

23. A method according to claim 22 wherein the treatment comprises degrading or 
modifying cellulose, such as B-glucan, in the -plant material. 

.24 . A method according to claim 23 for degrading or modifying plant cell walls. 
25 < A method according to any of claims 22 to 24 wherein the teeatraent comprises 
cleaving of glucose safeuniis of a B-B-gl ucan component of the material* 

26, A method according to any of claims 22 to 24 wteek,&8 materia! comprises a plant, 
plant pulp, plant extract or an edible foodstuff or ingredient therefor, or a fabric, textile or elothea 
containing plant material, 

27, A processed plant material obtainable by contacting a plant material, yfith, a poiypoptide 
according to any one of claims 1 to 5 or a composition according to claims 20 or claim 20? or 
which resaJtaltom a method according to any of claim 22 to 25. 

28, A method for reducing the viscosity of a plant material, the method comprising; 
contacting the plant material with a polypeptide according to any one of claims 1 tp 5 pr a 
composition according to claim 20 or claim 21 in an amount and under conditions eflsctiv© to 
degrade cellulose contained in the : material. 

29, Use of a polypeptide according to any one of claims 1 to 5 or a composition according 
to slaini 19 or claim 211 in a method of treating plant material 

30, Use according to claim 28 wherein the treatment comprises cleaving JinD-giaean 
polymers in the plant material. 

3 1 , Use of a polypeptide according to any one of claims 1 to 5 or a composition according 
to claim 20 or claim 21 in a method of processing plant pulp Juice or extract which method 
comprises moohatlng the pulp, joice or extract with the polypepade or composition to at least 
partially degrade cellulose. 

32 , An (animal) feed Gjsm^^^^ly^^^^^s^^ to any oae of fee el amis 1 to 5 , 

33, Ths use of a polypeptide aecormng to any of claims 1 to S in hrewlng, distilling, 
biomed^anatio.n. dental hygiene, kaltetr^ment, paper nmmm^ia^ 5 teMile n^anneni or 
manufacture; baking or bread making, wasliing or detergent treatment, treating flower bulbs or in 
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m Wikxml feed. 

34> A food or fbodsteST c^^pd^ ; a : .^^p^4e : ^c^i^.t) any of claims 1 to 1 

35. A food or foodstuff according to efeira 32 *Mch Wm alcoholic beverage, bread, 
dough or tea. 

36. A tnmsgenic organism somprislrjg a cell aeeordksg to claim 12 or 1 3 . 

37. An organism according to claim 36 wliiehis a pia&i or patt tfaemof. 



WO M17W98 
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SEQUENCE LISTISG 



<iio> sag m 



<120> tfOV.SI, BETA GLOCMASP 



<13C?> 
<14l> 



<I50> GB 00302283.9 
<1S1> 2000-03-20 

<I60> 8 



<210> I 
<21I> iOOS 
<2l2> 

<?.13> TaLarosiyaas »«aer sotvi 5. 

<M6> - 

<22i> CDS 

<222> U; ; . (1003) 

<400> 1 

a::q saq tta aac aeg gtc qtq tqts ctqt ctg area oca g«cr 0q:c gssc 48 

Ms?t l»ya Fha Sax Sag Val i&V CyS Sly Leu Thr lis Ala sly Giy Ala 
1 5 10 . IS 

eta gee- get eca ate aag gag sag gga ata saq aae QC<s tct sag 96 
Lau Ala Ala Pro Val LyS Gin Lva '<3lV lis Lys l.vs Axe Ala Per Pro 
20 2$ " 30 

t'fct s&a tgg fete ggs tec aag gag tet gge gea eag ttt q$q aae aae 14 4 
Pfta Gin <2rp S?he Gig .Ser fen SXu Ser Sly <S1« . ?he Sly ten Asa 
35 40 45 

sac ate .ccte gge gtg gag ggc ace <jae tae &6'C etc see a&e acq- aqc 192 
Asri: lie Pro GXy Vsl Glu Glv T&r Asp Tvr thr S:*<S: Asfr Ser 
SO g| " 50 

ges ate esq stc etc ate gae eag gga atg ase ate tta cqc at a cast 240 
Ala lie Sin He lea Ha Asp Glr* Slv Her. Aan lie Pna Arg Val Pre 
65 70 . ?•> ' 80 

fete ctg atg gag ego atg gtg coo asc cag ato aeg gee ceg gtg gat 283 
Phe Lee Mat Glu Arg Met Vai Pro Asn Ola Bet Tbr Gig Pro Val Ase 
85 SO M 
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tag ccg tat ttc eag ggc tac aac csg gl;t ate aae tae att sac sac 336 
Sar Ma fyr Ph« Gin Sly Tea gar gin Vai^Xa '-Mix Tvr lie ?b* Ser 
100 X0S : 110 



cat: ggc gcg eeg gea gtg att gae ccg cat asc ttc qqq oca tan tac 384 
His GXy Ala $m Ma Vai lis Asp Pro: gis fen Sly Sr* Tys Tyr 
115 120 125 

sac sat ate ate tec teg ccg tot gac tta csg ast Ate tag esc act 432 
&5K Asm lis lis Ser Ser Pro Ser Asp 8** Gin Thr 8hs >£zp His Thr 
130 135 140 

att gcg tec aac ttt qaq gai: &&t pa sat gte att ttc gae ac« a sac 4 SO 
lis Ala Ser Asft 2ha Ala Asp Asa Asp Asa Vai 11a Asp. Thr fen 
145 130 XSS 160 

aac gaa tac cac gac atg gac gaa age ctt gte gte cae etc. sag caa -528 
Asa GIu Tyr Kis Asp Mai: Asp GX=a Ser Leu VAX Vsl Gin Lay Asn Gin 
165 110 175 

gee gco ate gac ggc ate age gee gcg ggc eee aea tea csg tac ate 376 
Mia Ala Tig ,fep GXy XIa Arg Ala Ala GXy Ala Tfe Sat GXa Tyr lie 
. 180 135 190 

tie gte gag ggc aac teg tgg ace.; ggg gee tgg tgg: aeg csg gte 624 
?h* YaX Sis Sly Asss Sc-r Trp- Tire Sly Ala Trp thr Trp Thr Gin Val 
XSS 20D 205 

aac, gae gcg atg gag aac ctg &eg gag aeg sag ase sag ate gtg tac 632 
Asn fep Ma Mat Ala Ase Leu Thr Asp Pro Gin Asa Lva 11a if si Tyr 
210 215 220 

gag .atg esse -csg tac gtg- gas: tog gas; ggg teg age am tog gae cag 720 
GXa mt His Sin Tyr Leu Asp Ser Asp Gly Ser Sly Thr Sar Asp : oih 
223 230 235 240 

tgc gtg aae teg ace ate ggg cag gag' age gte gag teg geg sag aac 7 S3 
Cya Vai fea Smt Thxr XXa My Gin Aao Arg Vsl Glu Ser Ma Thr Ala 
245 250 . 233 

teg ctg aag cag sac ggc aag aag «?cg ate atg ege gag tac act gee SIS 
Trp tea lys Gi.r- fen Gly Lya Lye Ala Xi« Le«. Sly GXu Tyr Ala Gly 
260 26S 276 , 

ggc gee aac aqc gtg age gag aeg gee gte ace age ate etc gac tat 864 
Sly Ala fen Sar Val Cys Gle Thr A.la VsX Thr Giv : mt Lac Asp Tvr 
275 280 2S5 

etc gee aac aat act eat gfcc tgg ace ggt get ate tea tec gcg ecS; 912 
Xsu Ala Asn Asa Thr Asa Val Tr»: Thr Glv Ala Xis f:ra ?ro Ala Ala 
2S3 295 500 

ggg ccg tgg tgg gga gac tat. ate ttc tee atg gag ccg act act egg 330 
Gly Pro Trp Trp Giy Asn Tyr Tie Phe Sac Met Glu Pre Pre Ser Sly 
305 310 315 320 

att gcg tat gag cag gat ctg cog tte etc aaq eeg tac etc gaa tga 1003 
lis Ala Tyr GXa Gin Val x^eu. Pre Leu Lea i>ys fees Tyr mu-.<Qlu 
323 339 " .., 335 



<211> 335 
<212> TSt 

<213> talarosayeas smsteoaii 
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<40Q> 2 

Met I-ys VM Ser Arg Val Val Cys Sly fea Thx Ala fis S&y Glv Ala 
1 5 .10 IS 



Leu Ala Ma Pro Val Lys SO.*! X##. Sly IX* Lys Lys &£q. Ala Sar Pro 
20 25 " 30 



Pha Gin 



Trp Fhs Glv Gar Asa GXa Sar Siy :AXa GIa Fhe Gly Asp Asa- 
35 40 43 



Ask lie Pro Sly Val Gla -Sly Thr Asp Tyr -fe Phs Pro &«n. Thr S«xr 

SO SS 60 

Ala Xia Gin lis tea lis Asp Gin Sly Met Asn tU Phe Axq Vai Fro 

SS 70 ?S SO 



Pha imt mt Sin 



Arg H«t Val Pro Asn Gin Met ,fh» Gly Pro Val As» 
35 90 95 



5sr Ala Tyr Ph» Gin Sly Tyr 3ar Gin VaX lis AsA Tyr ZX« Thr Ser 
ISO v ■ ICS 110 

Bis Sly Ala Sar & Val lie Asp Pro His Asn ?h®: Gly A.rg Tyr Tyr 
115 120 12S 

Asa &b& XIs ll» Sex Ser £ro Ssr Asp She Gia Thr Phe Trp His Thr 
130 133 140 } , 

lis Ala 3 ar &sn ?hs Sis Asp Asa Asp Ass VsX lis Ph* As» ifh;r Asa 
,MS ISO 155 m 

Ask .SIS ryr Sis' Asp Met Glu Ser Left Val VaX GIA leu Asn Gin 
XSS 170 173 



Ala Mm tie Asp- Oly Arg AU Ala Gly Ala. Thr Ser Gin Tyr lis 
- 180 185 130 

mm Vai Glu Gly Asn Ser Trn Thr Gly Ala Trp Thr Trp Thr Gin 7 &i 
XSS: 20 Q . 305 

Asn Asp: Ala Hsfc Ala Asn Leu Thr Asa Fro Gin Asa Lys lie Val Tyr 
210 215 220 

GX« Met His Glrs Tyr Lew Asp Se* mt> Gly S«r Gly Thr Ser Asb Gin 
225 230 235 240 

Cys Val Asn Sa.r. Thr Tie Gly Gin Asp Arg Vai Glu S*r Ala Thr Ala 
24; 25Q 255 

Trp Lee Lys Sin Asn Glv Lys Lys Ala lie Lets Glv Glu Tyr Ala GIv 
260 265. 



Gly Ale Asn Sar Vai Cys Gly Thr Ala Val Thr Gly Mat Xie» Asa Tvr" 
275 280 ' 285 

L«U Ala Asa Asa Thr Asp Val Trp Thr Gly Ala lie: Tm Trp Ala Ala 
2SG m 300 ' 

Gly Fro Trp Trp Gly Asp Tyr tU Phe Ser Met Glu »ro Pro Sor Gly 
3 OS 310 313 320 



lie Ala Tvr Glu Gla Val Lea Pxo T..eu L«m Lvs Pro Tyr Oaa Glu 
325 , 330 335 
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<2X0> 3 

<2U> 1245 

<212> OKh 

<213> fai&ramyces ewms&vaii 
<220> 

<22l> CDS 

<222> (X) . . ri24Si 



<400> 3 

atg gat cga -«tt ctt geg ctg ate; ttg gfcc ceo ctt s«c act gto acg 48 

Mat Asp Arc He Mu Ala X»au lis X*u.-VSl ?ro Ala Ths Vil Thr 
1 5 W 1.5 



gea sag cag att ggc set ate cca gag gtc est cec «&g etc :aeg aes 
Ala -Sir. (Sin XX* Giv Thr lie ft©- Gle Vai His -#ro .Evs feu »ro Thr 
20 m 30 



36 



tgg s&s tee ac.g as© gag ggc ggc sgt gtc ca,g eag aat ace tecs gtc 144 
*** -Lys Cys Thr Thr Giu <Siy &Ly Cya Vsl Gin -Gin Asa Thr :S«r «aX- 
3S 40 45: ": 

gtg ttg gag tac cstg teg cat cog ate cat gas gtt- gga aac age gsc 152 
Vai Xi«u -31a Tyr Lto Ser His Fro II* Ms Slut Vai Giy Asa Ss* Aso 
SO S5 SO 

gtc tog tgc gtg gtt tot ggs ggg ctg aa© cag age etc tgt ceo aac 240 
Val Sei- Cyss V&l Vai Sar Sly (Sly- .'-Ma SXk : &er "Lata Cvs Fro Asn 
65 70 75 SO 

gaa gag gaa tat too a«« «ass tge v ate gtc gag ggo qcc &-&c tac aec 288 
:<ktu GXo '6io Cys Her Lvs Asa Cya #al tfaX GXu Giy Ala Jsn lys Thr 
85 SO. 95 

ago tog gga gtt caa aea esc. ggc gat goo ctg act ate sat cacf tac 336 
3«c Sar Sly VaX His Thr &ssp: CLy \&sp Ala. :mk Thr Leu Asm Gin Tyr 
100 . 105 110 

gtc <$cg aac ggc gao gag gtc gto ace gee tog cog egg gtc tat etc 384 
?al Thr Giy Aap Sin Vai V&l Thr Ala 3«r '?ro Arq gal fyr X,«u' 

113 • 120 125 

ctg gaa ago gao gac gag gag ggg aat feas age ate etc cag etc afec 432 
la a Ala Ssr Asp Asp Gla fep Giy Asa fyr Gar Met Laa Qia hau hau 
130 / 135 140 

ggo cag gag ctg age ttt gao gtg gac <$ta teg aaa ctg gtc tec ggg 480 
Giy Sirs Gl-x Lea Ser Bhe Asp; VUI Aap V&l Ssa? ava Leu tfsi Cva 01 v 
145 iSO 153 " ISO 

atg sac ggc goc ttg tat etc tea gag ,atq cao aoa teg gga ago cqa . '". 528 
Mot Asrs Giy Ala tea Tyc aau Ssr Sla Hat Asp Ala Sar Giv Giy Arc 
a.65 : ' .170 175 

asc age eta aac ccg gcg ggg- gca cag tat ggg tat gga tac tet gat 576 
Asa Sar Lsa aso Pro Aia Glv A.la Gia Tvr Glv Gar Giy Tvr Cvs Asa 
ISO: 185 1M 
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gc:g aaa tgc ggc gtc cs<? : 6ec ttc ate aae ««c. acg gfca aae acc qqc 624 

Ala Sir, Cys Gly Val Gin Fro Phs lie Ass -Sly -Tbt Val Ass* fhr GXv 
, 135 ' 200 SOS 

teg etc ggc get tgc tgc aae gag atg; gas ate tqq Sss gea sat qcs :S?2 

Ser La U Giy Ma Cys Cp &sn :GI« mt Asp Il« trp GX» Ala |sa Ala 
210 2.13 220 

ctt gec acc qzq fctg set. cog cae eec tgc age g;:c acc age ate tat 720 

Lea Ala Tfex Ala Leu me Pro Sis PrsrCys Ser Vsl mt Ssr lis Tvr 

225 ' 230 23S 240 

gee tgt tct ggc get gag tgc ggc tec aac gqe qt.a tgc gac aae scg 7 68 

Ala Cys Say Gly Ala Qlu Cys Sly Sar Asa Sly Val Cys Asp l»ys Pso 
245 2S0 255 

gga tgc gg« tac aac ccg tae gcg ctg gga gac cae aae tae tae qea SIS 

Gly Cys ply Tyr Ash Pro Tyr Ala I>m Gly Asp His ten Tyr Tyr Gly 
ZW 2SS 270 

ccc ggg aae acq gte gac acg tec sag eec tec «c« gtg gta acq csg 864 

Pre Gly Ays fhr 5?ai Asp Tax. Ser; Arg »sc Pha Thr tT&X Tal ?hi Sin 
275 " 280 285 

ttt eta ace aae gac asc asc asg scg ggg act ctg acg ; gag ate cgt S12 

Pha Leu mt ten Asp Asa thx: mt ?hr my flsr Lec Thr GXu: lie &rg 
230 255 300 



egt ctg tac gtc caa gac ggc aae gtg ate ggg eet teg cct agg gas 960: 
Arg Lau tyx V'ai Gin' Asp Gly ksn V«i XXs £*Xy i?ro Ssr Pre Sar Asp 
305 310 315 320 



eet gtc teg tea ate sag gac teg tee tgt .*qq sag gtr gst tec tat 
Sec V»i Gar Sar II® Asp Sar Pha Cys 3er Tfar VaX &ss> Ssr Tvs 
325 336 '" 555 

tie gag ccg ctt ggc ggc gtg gag gag atg ggc gas; gcg; gtg ggt egg 
Pte Gila Pt6 SIV Gly &*u. I»va GiU Met Gly Gin AXa Lsu Gly Are 
3.40 345 350 



c?gg atg gtc? ctg gtg ttc a<s« ate tag aat gat: act cat aag tec ate; 1104 
Gly Mat fai lev; V&l ,?ha Sar ile fz» «aa Aap tro Gly Gin Fha Mat 
355 ■ 360 363 

aae tgg ete gac age ggg sat get ggg ccc tgc aae aqe ace crag ggg 11.52 
■Mti trp Laa Aap Sar Gig Asxs Ala Slv Pro Sys Asn Sar Thr GX« Giy 
.370 37 5 3S0 

aae cca gcg act at-t gaa aec? cacs cat set cac acc ccg etc acc tte 12 00 
ten Pre Ala Thr lie Gie Ala Gin His We Asp Thr Ala Vai Thr Pha 
3S5 338: 395 4 00 

tog aae ate aga tgg ggg gat ate i ggg teg aeg ttc ccg teg taa 1245 
Bar Asa lie Ate Irp GIv Asp lie Glv Sar :'#hr Pfes Gin Sar 
405 410 

<210> 4 
<211> 414 

<2>2> SET 

<2I3> Talaroaycas a ear sec il 



<400> 4 

H«.t Asp lie S»» Ma L«u lie Leu Vei Pro Leu fla Thr Vai Thr 

1 5 1.0 15 

Ms Sin Sin XI© Gly Thr lis fxo. Giu Vai His Pro Lys Leu Fro Thr 
20 25 30 

Trp lys Cys Thr mt Giu Gly Gly Gys Vai Gin Sin fen Thy $at *al 
35 4:0 ■ 45 

Vai Leu Qlii Tyr L«a Ser Bis Pro lis Eis <31u Vai Gly As'rx Ses Asp 
SO 55 SO 

vai g«r Cys %i V«l Sac Gly Sly Le« Mft Gin Ser Leu Cys Pro Ash 
65 70 7S 30 

Giu Giu Giu Cys Sar Lys Asr: Cys Val Vai Giu Gly &s» Tyr Thr 

8.5 • so. m 

Sex S«r Gly Vai His thr Mp Sly &sp. Ma teu Lets Asa Gin tyr 
100 105 UO 

Vai Thr Ms Gly Asp Gin Vai Vai Thr Ale Ser Pro Arc; Vol Tvr Leu 

lis iao, lis 

Leu Ala $m Asp fep Giu Asp . Gly Asm Tyr Ssr Met Lea Sin Leu 
130 13$ 140 

Gly Gin GluLsu Sexr §He Aep Vai. Asp Vsl Ser Lys Leu VaX Cys Gly 
145 . 150 : 155 160 

mt Asn Gly Ale Leu Tyr Lau Ser SIu »r Asp Ala Ser Gly Gly Arg 
165 170 175 

Ser Leu as« Frp Ais Sly: Mil Gin 2y£ Sly Ser Gly. Tvr Cys Asp 
ISO MS " ISO 

Ala Gin Cys Gly ml Gin Pro Phe lie Asa Gly Thr Vsi As* Thr Gly 

Ser Leu Gly Ala Cys Cys hsn Giu Met Asp lis Trp Giu Ala Asn Ala 
2.10 215 220 

Leu Ala Thr Ala Lea Thr Pro His Pro Cys Ser Vai Thr Car lie Tyr 
225 230 • 233 240 

Aia Cys Ser Gly Ais Giu Cvs Sly Ser Asa Gly Vsl Cv-s Asts Lys Pro 
245 250 ' ' 255 

Gly Cys Gly Tyr Asu Pro Tyr Ala Leu Gly Asp His hsn Tyr Tyr Gly 
260 2S5 270 

Pro Gly Lvs Thr Vai Asp Thr Ser Aro Pro Phe Thr Vsl Vai Thr Gin 
2 75 230 285 

Phe Leu Thr As si Asp Asa Thr Thr Thr Sly 3thr leu Thr Giu lie Mq 
230 2S.5 300 



Arq L©u Tyr Vai Bin Asp. Gly Asa. Vsl He Sly fm Sar Pre Ser Asp 
305 310 315 320 



81 

Gar 

325 333 



3%:; Vai Ss>; 3sr 11* Th;; Asp So Phe Cys is; rh:;: V il Asp 3ft - Ty;: 
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Ph® Erg Leo Gly Gly ?.e« hvs Gla Me;: Glv Ola Ala LsatGlv Arp 

340 ^ 345; 350 

Gly Mat Val toy Val She Ssr lis Trp Asa Asp Pro 01 y Gir; Mat 
355 360 365 

Asa Trp Lao A&p Ssr GXy Asr- Ala GXy Fro Cys Asp Bar Thr Glu Gly 
370 375 388 

&sn Pro Ma Thr lis QXxs Ala Gin His Pro A«p j&r Ala Val Thy Pha 
385 3 SO ;}395 400 

Ssr Asm lis Arq Trp Giv Aso IX« Gly Sar Thr gihe Gin Sar 
40$ 4.10 



<210> 5 

<2U> 669 

<212> XMh 

< 2 1 3 > T a 1 a rosace s s mmts oni i 



<220> 
<Ml> CDS 



<4co> r> 

atg aat ptc sgs got gtt gtc. tet gtt tet ^cC tip ttg acg cafe 48 

jfibh mg his. VaX Val Ssr Val 5e> Ala ijay X«vs Thr Bxo 

I S .10 IS 

ttg get tea sec ctg sea gga sec sec &oa sea aea tgg gaa tgt tgt 96 

Lau his. Sar Ms .k& Thr Sly THr Thr thx Thr Trp Asp Cvs Cvs ' 
SO 25 30 

aa'a ees gcg tgt acre fcqq caa sat «cc caa aea q«c st«& aea sqt 144 

hvs Pro AXs Cys Gar Trp Thr GlA Mil M& :«ln Ala Giv Gly Ala Gar 

35 40 45 

ggt sco ate gee see tec sac ate aae aae c&g gta etc s.gp sat ggt 132 

Sly Te- Val Ala Thr Cys Asn lis- Aaa Ass Sir; Vai Leu Sor &sn GXy 

50 55 . €0 

gee tot get sec age gee tge cap ggs gge gat gee tac age tgc tec 240 

Ala Sax Ala Pro S«r Ala Cys Sirs Gly S£y Asp Ala Tvr Sax Ova Sar 

65 70 ?S * 80 

gad ttc cag ace ate ate ate agt aaa ateg; ttcs teg tac aos tte cat 238 

Asp Phe Gin Pro lis lie Xls Sar Asp Thr Xst Sas: ?yr GXv Phs Ala 

85 9C ' S5 

gqc aas tqq eag sea as?K aas tqc tqc aaq t«fO ttc eao ttc ace too 336 

Giv Asa Trp Glo Thr Sat Aac Cvs Ova l.vs Cvs Pfcs Sin She Thr Tro 
100 :.;105 110 

aeg teg ggg ccg ggt geg ggo aac tec atg ate gte eaa get gte aat 384 

Thr Sor Gly AXs Gly Ala Gly Xys Sex mt Ila 1?ai Glxs Val Val Aso 



WO 0.1/7009^ 
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IIS 120 125 

tat ggc gcg qtc agt asa ggc gat tt© gac att tac sag cct get gge 432 
Sac Glv Gly VaX Sax ?hx GXy Mp Asp 'lie 2ys T&r fro «Iv Glv 
120 135 140 

ggt gtt gga gat t&c sat gec tgg set teg cag tar ggc gog cca oca 4B0 
Glv Vsi Glv Asp TVr Asrt Ala Cys Thr Ser Gin Tyr Sly A.la gro Pro 
143 250 IBS 160 

cag gga tgg ggt get cas tae gg«: ggo : gtc tec age gac get gaa fcge 528 
Ola Gig Trp Glv Ala Slrv Tvr Sly Sly Val Sar Sar Asp Ala Glu Cys 
165 "' 179 175 

gac c&a etc ccc tag ate ctg cag cct gga tgc cai; tgg cat ttc gag 576 
Sap 21a Lac Pro Sar XX® Lay Gia Pro Sly Cys Bis Trp Ara eha Glu 

iso rm iso 

i:gg gca gga ggt ggs at;: aae gga tgg aag act gag tac gag, gaa gtc 624 
frp Ms Qlv Slv Glv JXa Asa Gig Trs* Thr fftr Siu Ty* Glu Glu Vai 
ISS ZOO 205 

gat tgc cca age cag ctt act tdc. ! &tc tea ggt tgc tat hhg r.ga 66$ 
asp qya ire Sar Gift L%-i Thr Ser Tie Say SXy Cys Tyr Fro 
210 2 .15 220 

•c210> 6 

<2XX> 222 

<21Z> P2T ' 

<2I3> TaXargmypsis em«raondi 



<400> 6 

Mat ft&ti Val Arc Ms Vai V&i Sar VaX Oar Ala 5>ha Lk2su Thr Fro 
X ' S 10 15 

Lew Ma Sar Ala Lew Thr Glv 'Stit Thxr Thr Thr Thr Trp ftsg Cvs Cvs 
20 '25 30 

Lys Sro Ala Cya Bar Trp Thr Gin Asn Ala Gla aha Gly Gly &£a Sar 

' 35 40 45 

Gly 2hr Vai Ala Thr Cys ten m Asa Ass Sir, Vai Lac Sar Aaa Gly 
50 55 80 

ftia Gas Ala Pro Sar Ala Cvs Gin. GXy G.lv Mis Ala Tvr S&x Cys Gar 
OS ?0 " 7S ' ' SO 

Asp Ph« Gin 2ra Ila lis XIs ijsr B« Thr Aals Ser Tyr Glv Pha Ala 
SS 90 : ; S3 

Gly Asa Trp Glu TA:r Sar Asa Cys Cys tys Cvs 2ha GXxs Pfea Thr Trp. 
100 X0S XiS 

Thr Scr Glv Ala Glv Ala Glv Hws Ser fefe lis ¥al Gin Vai Vsi Mrs 

US 120 • - 2 125 

S*r Glv Glv VaX Sar Tiir Slv: Asp Ptia Asp IX« fvr Tar Fro Glv Glv 
130 .135 140 
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Giy ?sl my Asp Tyr Asa 'Cvs Sstf Gin Tyr Sltf Ma Pro Pro 

MS , ISO 155 160 

Sib Gly Trp €iy Ms Slis Tyr Gly Gly Vsl Bmr Suit Asp Ala GIs Cv;s 

165 170 :: X?8 

Asp 'Sin lau S?rs S«r lie Leu Sin. Pr«- Gly Cys His Tio Arq Phs Sivs 
180 133 i 50 

Ala 01 y Gly Gly lis Asn Gly Trp Thr Thr Glu Tyr SXu GIU mi 

195 200 205 

Asp Cys Pso Ssr Gin Lsu Thr Sft* lis Ssr Gly Cvs Yvfx- fto 
210 215 



<21Q> 7 
<2ll> 28 
<ZiZ> m& 

<213> Artificial SiaausiACSs 



<223> oligonucleotide prisasy 
<40> 7 

iafcagcgssa tggattgatt gt&ogcfcs 



<2W> S 
<2XX> 26 

<iu> am 

<2X3> Artificial Ssgiisrsss 
<220> 

<223> olAgcsmscieofcide prisssr- 
<400> a 

aeccccageSt- tsatfcacacc feca^tv? 
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W.m 068SS A (DAN I SCO ;6R*¥E5EJI TR0EU5 
NOE&6AR0 (0K); 8ASMUSSEN C0O) 
19 February 1998 ( 199S-02-1&) 

* 68,71 identity in 9168? overlap b$tmm 
SEQ ID NO £ Of yQ98C68SS and SEQ ID MS 1 * 

* 67.41 identity in 334AA overlap between 
the amino acid sequence of SEQ ID NO 16 of 
H09SQ6858 and SEO 10 NO 2 * 

DATABASE £M8L 'Online! 

Accession AF054SI2, 

6 April 1998 (1998-04-06) 

K0F00 L V £T AL: "Aspergillus aculeatus 

endoaliitaaass ¥ (cell) ®RM, ce&plete 

cds," 

XPCI92 14501? 

* 71,7$ identity In 934-8? overlap with 
SEO 10 HO 1 ~ OS. 6% identity of the 
translated sequence if? 334 M overlap with 
SEQ ID m t * 

KXTA8QT0 N ET AL; Molecular cloning, 
purification and characterization of two 
endo-I ? 4--bet a~gl uc&nases fro» Asperg H 1 us 
cry z as K8N&16" 

APPLIED HICPQeiOLOSY AND 8IOTECHH0L0SV , 

Smum VE8LA8, BE8LIN-. DE, 

Vdl> 46. no. ,5/6, 1996. paces S38-S44. 

XPQ021Q421Q 

XSSN: PX7|-?S9S 

62.7% Identity in a 934 nt overlap between 
the nucleotide sequence depicted in figure 
28 33d SEQ 10 NO 3 

62.2% identity in & 410 aa nt. overlap 
between the amino acid sequence depicted 
in figure 28 and SEQ ID HQ 4 

W0 96 29397 A (KAUPPIM M*m$ SAFARI 
; NIELSEN RUBY IUM (DfO; IAH6£ iEfK (DK} ; ) 
26 September 1996 (1996-09-26) 
59.7:1 identity in a 390 nt over las between 
SEQ ID HQ 1A of W09629397 and SEQ ID NO 5 
49.3% identity in a 226 aa overlap between 
SEQ IP NO 18 of W09629397 and SEO ID NO 6 

MORRISON 0 £T AL; «CQPiE8E8TAR¥ QNA 
CLOSING AND EXPRESSION Or A 
TALAI?0HYCES-EM8SQ8II SETA oLUDGsTDASE 
DETERMINANT IN ESCH£8ICHiA~CQLI* 
BIOCHMCA ET SIOFHYSICA ACTA, 
vol. 1049, no . i, 1990, pages 27-32, 
■XPOQ0929418 
ISSN; 0006-3002 
the whole document 
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at mm a 

AO 5243073 A 
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F8 2173089 A 

W 1143542 C 

OP 4809678S A 



57034993 8 
7302402 A 



1.4-01-1976 
10-06-1976 
15-09-1976 
22-08-1974 
21-08-1973 
24-02-1976 

X7-05-1976 
05-10-1973 
26-04-1983 
10-12-1973 
26-07-1982 
24-08-1973 



m 4118297 A 
68 233267S A 



06-03-X99S 
30-06-199S 



All 



715423 8 



AU 49S9496 A 

BP 9507646 A 

£A 2214116 A 

m nmm A 

w mm i 

EP 0815209 A 

OP 1X502701 T 

US 600X639 A 



03-02-2000 

08- 10-1996 
16-06-1998 
26-09-1996 
20-05-1 
25-06-1 
07-01- 

09- 03-1 
14-12-1999 



